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RAYMOND IS PROUD to have played a vital part in the creation of this fabulous new cross- sot 


state highway. The railroad overpass near Ridgefield, N. J., is just one of oe} 

several projects on the Turnpike that rest on Raymond Piles. 778 Raymond Pipe ses 
Step-Taper Piles driven for 11 piers and 2 abutments, with an average length of a. 

120’ and a total footage of 93,283’ were used on this overpass—just another example abs 
of the part Raymond is playing in building tomorrow’s world today. - 
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Foundations, Underpinning, Harber and 
River Improvements and Cement-Mortar 
Lining of Pipelines by the Centriline 


and Tale Proe S88 











How Bitumuls-sand “Stockpiling’’ 


One of a series proving that 
Bitumuls is Versatile 
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makes road-crew time more productive 


LOCAL SAND.-PITS become 
sources of sound material for cold 
paving mixtures and wise labor 
utilization when Southern ingenuity 
puts winter-idled road crews to 
work with BITUMULS.® 

No special equipment is needed. 
Sand used in this project is from 
abandoned pits or river banks. 

Bitumuls HCM, even in “full for- 
mula” amount, makes an econom- 
ical cold mix which is stockpiled 
during slack winter months for use 
during warmer summer weather. 
Workability is retained almost in- 
definitely without sacrifice of tough- 
ness, cohesion, or stability. 

The Bitumuls-sand mix is suita- 
ble for surface, leveling courses or 
thick bases even where subgrade 
deflection may be anticipated. 





ee 


Louisiana State Highway Engi- 
neers report that these rich sand 
mixes sustained far less damage 
than other types of paving during 
the unprecedented “‘freeze’’ of the 
1950 winter season. 


Mixing Grades of Bitumuls are ideal 
for treating virtually all available ag- 
gregates. Quick-Setting Grades of Bitu- 
muls are favored the world over for 
armorcoat and macadam work. High 


Viscosity Bitumuls is recognized as 
standard for surface treating. 

Nation-wide there are Bitumuls En- 
gineers working out of strategically 
located plants. These men are special- 
ists, qualified by training and varied 
experience to consult with you, to your 
advantage, about your paving needs 
... roads, parking areas or airports. 

Bitumuls is ready for prompt deliv- 
ery to your job site. 


APRAERICAN 
Bitwmwis & Asphalt 
COoOoMmMPAN Y 


200 BUSH ST. + SAN FRANCISCO 4, CALIFORNIA 


Perth Amboy, N. J. 
Mobile, Ala. 


Providence 14, R. |. 
St. Lovis 17, Mo. 


Baton Rouge 2, La. 


Baltimore 3, Md. 
Tucson, Ariz. 


Columbus 15, Ohio 
Inglewood, Calif. 


Oakland |, Calif. Portland 7,Ore. Seattle, Wash. Washington 6,D.C. San Juan 23, P. R. 
Manufacturers of Asphalt and Asphaltic Products 
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AND WHAT A PILE TEST! 
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Si eesatecs thin shell concrete 
piles, 12 in. dia. for the entire 80 to 
100 ft. length, pass through “Bos- 
ton blue clay” and take their bear- 
ing on a deep-lying gravel-clay 
stratum. Heretofore, more expen- 
sive types—pipe, steel H-beam, or 
composite piles—were required in 
this soil. 

A group of six piles was load-tested 
to 450 tons, 142 times design load, 
possibly the heaviest pile test ever 


made in this country. After removal 
of the load the measured perma- 
nent settlement was only ¥% in. 


633 Button-Bottom* piles are be- 
ing driven for the 16-story East- 
gate Apartments to provide faculty 
housing on the campus of Massa- 
chusetts Institute of Technology 
at Cambridge, Mass. George A. 
Fuller Company is general contrac- 
tor. Thomas Worcester, Inc. have 
charge of field engineering. 








FOUNDATIONS FOR 
INDUSTRIAL PLANTS, POWER PLANTS, STEEL PLANTS, PIERS AND DOCKS, WAREHOUSES, 
BRIDGES, AIRPORTS, HOUSING PROJECTS, SCHOOLS, COMMERCIAL BUILDINGS, ETC. 
*Patented BUTTON BOTTOM PILES + COMPOSITE PILES + PEDESTAL PILES + CAISSON PILES 
PROJECTILE PILES + COMPRESSED CONCRETE PILES + DRILLED-IN CAISSONS 


PRE-DESIGN AND PRE-CONSTRUCTION FOUNDATION TEST PROGRAMS 
SOIL BORINGS + PIPE AND H-BEAM PILES 









1 208. WaWashington St., Chicago6, ll. + 2 Park Avenue, New York 16, N.Y. | 
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You're looking at the dam from the 
cableway operator's control station. 
The track cable extends from the head 
tower 2420 feet across the river can- 
yon to the tail tower (upper circle). 
The 8-yard bucket (lower circle) is 
loaded at a dock beneath the control 
station. G-E amplidyne control provides 
fast operation and flexibility, needs 
only minimum maintenance. 


speeds dam construction... electrically! 


G-E powered rig at Pine Flat Dam hoists 
and hauls at same time; has poured 
4000 yards in single day! 


At Pine Flat Dam on the Kings River near Fresno, California, 
the General Electric powered cableway—fastest in the world 

is setting new pouring records to help build the world’s ninth 
highest dam. A Corps of Engineers project, the dam is being 
built by Pine Flat Contractors Associated Companies. 


The Pine Flat rig, built by Willamette Iron and Steel Co., is 
the first ever designed with G-E amplidyne control——for faster 
acceleration, greater precision, smoother operation. In addition, 
a new concept of power application permits hoisting and haul- 
ing at the same time. Automatic braking makes operation safer. 
Smoother acceleration lessens wear on cables and other equip- 
ment. And power losses during acceleration and deceleration 
are reduced. 


For faster, safer, easier operation of your construction equip- 
ment, electrify with G-E drives. and power distribution systems 

backed by G-E engineering help in application, installation, 
and service. General Electric Co., Schenectady 5, N. Y. 


‘Ask him today! Whether you buy or build construction equipment, your G-E 


representative can show you how to do a better job —at lower cost —by complete 
electrification. Write him now, and he'll call on you at your convenience. 






Key to rig's speed—G-E amplidynes in head tower for 
hoist and haul drives provide smooth adjustable volt- 
age control by limiting current during acceleration. 





Carriage drive motors are built by G.E. for extra- 
tough applications like this. The completely separate two- 
motor hoist drive is also located in the head tower. 


GENERAL ELECTRIC 
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DISTINGUISHED CLUB... 


38 Members" CLUB ROSTER 


DEPARTMENT OF WATER AND WATER SUPPLY 
City of Albany, New York 

BUREAU OF WATER, DEPT. OF PUBLIC WORKS 
Baltimore, Maryland 

CONSOLIDATED GAS ELECTRIC LIGHT AND POWER CO. 
Baltimore, Maryland 










The Cast Iron Pipe Century Club is prob- co | cr 
ably the most unusual club in the world. ee > tl 
Membership is limited to municipal, or ———— 
privately-owned, water and gas supply sys- wee ee 
tems having cast iron mains in service for a wie ~~ ~~ pate 
century or more. _ lar at _ or Virginia 
Although the Club is formally consti- wane Ee al tien, TIL, Pebile Were Seely 
tuted, there are no dues, no regular meet- SS 
ings, and no obligations other than to Ou tanenees, Senneybeante 
inform the Recording Secretary if and when ween -« "pein 
the qualifying water or gas main is taken oe 
out of service, or, sold for re-use. means G6 See Sam. 
In spite of the unique requirement for a 
membership, the Club roster grows, year of Gee ee 
by year. And why not, when a survey spon- WY lee Chen, bi 
sored by three water works as- we 3: oinemed 
sociations, indicates that 96% ate Ay - 1 5 | peel 
of all 6-inch and larger cast DEPT. OF PUBLIC WORKS, BUREAU OF WATER 
iron water mains ever laid ee cee 


BUREAU OF WATER, DEPT. OF PUBLIC WORKS 
Pittsburgh, Pennsylvania 

POTTSVILLE WATER COMPANY 
Pottsville, Pennsylvania 

QUEBEC POWER COMPANY, GAS DIVISION 
Quebec, Canada 

BUREAU OF WATER 
Reading, Pennsylvania 

DEPT. OF PUBLIC UTILITIES 
Richmond, Virginia 

WATER & SEWERAGE DEPARTMENT 


in 25 representative cities are still in service. sare, oF eae ee Gccaenes 
, r@ ; ' ” St. Lovis, Missouri } 
And when answ ers to a questionnaire, IME CONSUMER'S GAS CO. OF TORONTO 
mailed to gas officials in 43 large cities, oe, an aaa Ge 
show that original cast iron mains are still —() a 
’ ; ; sti Utica, New York 
in service in 29 of the cities. ; _ CITY OF WHEELING WATER DEPT 
If your records show a cast iron main in unnaantanae 
service, laid a century or more ago, the unnee 
i i , > 2 City of Winchester, Virginia 
— invites oe to gem for a handsome WATER_ DEPARTMENT a 
ificate , “ City of Winston Salem, North Carolina 
es ro cate of Honorary Member YORK WATER COMPANY 
i ‘ 2 _ ing York, Pennsylvania 
ship. Address Thomas F. Wolfe, Recording waren pevamimentt 


City of Zanesville, Ohio 


Secretary, Cast Iron Pipe Century Club, 
Peoples Gas Bldg., Chicago 3, Illinois. 





*8 new members in 1951 


SERVES FOR CENTURIES 
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Portion of main pump room, Park Cities Water Treatment Project. 
Shown are 13 of the 22 Economy Pumps installed on this project. 


in new Park Cities, Texas, Water Treatment Plant 


Economical operation over a period of years was a primary 
requisite of the pumps for Park Cities Water Treatment 
Project, Dallas. In selecting pumps, Powell & Powell, 
Consulting Engineers, drew up specifications which took into 
consideration cost of equipment, efficiency of each unit 

and efficiency of units operating in series, plus 

rigid structural requirements and refinements of mechanical 
detail. Under this very exacting evaluation formula, 

Economy Pumps, designed especially for water works 

service, supplied by the Lone Star Pump and Machinery 

View in University Pork Booster Station, port of the Pork = CO-» were selected, on the Dallas County project. 

Cities project. These Economy Pumps boost the pressure It pays to specify Economy Pumps for water supply. For 
going to the overhead storage tank, located 5 miles from detailed information and illustrated catalogs write today to 
the treatment plant. Dept. BK-1 


ae ED f 
onomy Pumps,Inc, 
SEDGLEY AVE., AT 19th AND LEHIGH, PHILADELPHIA 32, PA. 
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Keeping Raw Sewage Out of San Francisco Bay 


San Francisco’s new $4,486,000 
North Point Sludge Treatment 
Plant is the biggest move in the 
Golden Gate city’s $20,000,000 pro- 
gram to prevent dumping raw sew- 
age into bay waters. It substan- 
tially augments existing sewage 
treatment facilities by serving sixty 
per cent of the city—an area bor- 
dered roughly by Twin Peaks, the 
Presidio and Islais Creek. 

Playing an important part in the 
operation of the North Point Plant 
are ten 100-ft. diam. digestion tanks 
equipped with P.F.T. Floating 
Covers, a 55-ft. 6-in. diam. gas- 
holder with a P.F.T. spirally guided 
cover and a_ 15,000-gal. Horton 


CHICAGO 


Atlanta 3... 
Birmingham 1..... 


Chicago 4.... 
Cleveland 15.. 


2167 Healy Bldg. 
1596 N. Fiftieth Sr. 
Boston 10... . 1009—201 Devonshire St. 
2199 McCormick Bldg. 

2263 Guildhall Bldg. 


elevated water tank. All these 
structures were fabricated and 
erected by Chicago Bridge & Iron 
Company. 

Gas formed in the sludge diges- 
tion process is collected in the di- 
gestion tanks at a pressure of 5 
inches of water. It is then metered 
and piped to the gasholder where 
moisture is precipitated and the 
supply to the compressor is equal- 
ized for distribution to the mains. 

The receiving and thickening, the 
digestion and the elutriation and 
filtration units of the Sludge Plant 
will receive and treat the settled 
sludge from 91 mgd of sewage flow 
through the North Point and South- 


Detroit 26 
Havana 
Houston 2 


1541 Lafayette Bldg. 
; .402 Abrev Bldg. 
.....2128 C & I Life Bldg. 
Los Angeles 17. .1556General Petroleum Bldg. 
New York 6.....3395—165 Broadway Bldg. 


east primary sewage treatment 
plants. The dryer units will handle 
that sludge plus 10,000 pounds per 
day of filter cake trucked cross- 
town from the Richmond-Sunset 
plant for further drying 

No one living near the North Point 
plant will be able to tell odor-wise 
what the plant isdoing. Fumes are 
drawn off, deodorized and dissipated 
into the air from a two hundred foot 
stack. 


Floating covers—spirally guided covers 
and elevated tanks are only a few of the 
many types of steel plate work we do. 
Write our nearest office for information. 
There is no obligation on your part. 


BRIDGE & IRON COMPANY 


Philadelphia 3. .1652—1700 Walnut St. Bldg. 
San Francisco 4 . .1584—200 Bush St. 
Seattle 1 ..1309 Henry Bldg. 
Tulsa 3 .. 1647 Hunt Bldg. 
Washington 6, D.C,.....1156 Cafritz Bldg. 


Plants in BIRMINGHAM, CHICAGO, SALT LAKE CITY and GREENVILLE, PENNA. 
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Travelers on bridge deck, each equipped with 
two booms, shown raising twin 115-ft closing 
girders, having a combined weight of 292 tons. 


Crosses 


Shown under construction, the giant 
Passaic River Bridge is an important link 
in the New Jersey Turnpike, the 118 
mile limited-access high-speed highway 
traversing the state. The bridge crosses 
the river and twenty railroad tracks, and 
passes beneath the Pulaski Skyway. Over 
the river it has an under clearance of 
110 ft from mean high water. Its ap 
proaches extend from a point south of 
taymond Boulevard, in Newark, to 
approximately 800 ft beyond the Newark 
Turnpike, in Kearny. 

The south approach superstructure 
for the Passaic River Bridge consists of 





nineteen simply-supported deck-girder 
spans for an overall length of 2,526 ft. 


One of four haunch girders, erected over main 


piers at night because of tide conditions. Girder 
is 130 ft long, 22 ft deep, weighs 173 tons 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 


FABRICATED 


STEEL CONSTRUCTION 







Aerial view of six-lane Passaic River Bridge, showing Bethlehem Steel crew fitting closing girders into 
place. Owner: New Jersey Turnpike Authority; Chief Engineer: Charles M. Noble; Former Executive 
Director: W. W. Wanamaker; Consulting Engineers: Ammann & Whitney, New York; General Con- 
sulting Engineers: Howard, Needles, Tammen & Bergendoff, New York. 


New Jersey Turnpike 


Passaic River 


The north approach superstructure has 
twenty-four similar spans, covering a 
distance of 3,055 ft. 

The 1,365-ft main river portion of the 
bridge, also of the deck-girder type, con 
sists of five spans. Here the three inte 
rior spans are continuous over four 
supports, with the two extremities canti 
levered to carry the two end simply- 
supported suspended spans. 

The Passaic River Bridge has two re- 
inforced concrete roadways, each 36 ft 
wide, plus a central mall and safety 
walks. Its 7,000-ft length and 22,000 
ton superstructure make it the largest of 
24 Turnpike bridges for which Bethle 
hem fabricated and erected the steelwork. 
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Impulse runner of 
solid-cast design, an 


exclusive 


advantage. 








SMITH 





MITH Impulse Turbines 


FOR HIGH HEADS, and wherever the head and water 
quantities available prohibit the use of reaction-type ma- 
chines. Ideal for installations in remote localities because 
of the ease with which the completed unit may be trans- 
ported. The simplicity of design, facility of operation and 
greater dependability remove the necessity of skilled op- 
erators and attendants. Smith's solid-cast runner design 
provides the additional advantages of closer spacing of 
buckets resulting in increased speed and consequently, a 
decrease in the size of the turbine unit, as well as the gen- 
erator. Write for your copy of our Bulletin — "Impulse 


Turbines by SMITH!" 


S. MORGAN SMITH COMPANY 


YORK, PENNSYLVANIA 


POWER 4y SMITH 
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PILING RENTAL 





SERVICE FROM FOSTER 
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SERVING 17 CONTRACTORS 
ON ONE JOB 


rvice is assuring 
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Foster Piling Rental Se 
17 major —— Bor , 
0 > Fag conserectiO’ such a 
pent ; traffic artery, — 
bles of every nature turned pane 
was the one dependa 
to turn to to obtain the om 
sections of steel sheet 
job required. When 
problems are continuously 
: red as in this job — and when 
ae »s come UP such as Cross 
1c tidal flats, you —= 
be able to count on prompt prague 
deliveries and Foster carries t nt 
Rental Piling Stocks 1m the = ml 
all lengths and s—in 


tremendou 
trou 
thus Foster 
source 
lengths and exact 
piling that each 
“man-made” 


major obstacl 
ing the New Jersey 


section 


ard makes. 










16 TURNING TURNPIKE 
TROUBLES T0 TRIUMPHS 


Along the 118-Mile New Jersey Turnpike 














This $220,000,000 New Jersey Turnpike, con- 
sisting of two parallel roadways separated 
by a wide center-strip, will extend from the 
George Washington Bridge (which connects 
Jersey with Manhattan Isiand) to Deep- 
water, N. J., a distance of 118 miles. These 
Contractors ore using Foster Rental Piling: 


Brann & Stuart Company, Philadelphia, Pa. 
Brookfield Construction Company, New York, N. Y. 





With complete piling stocks in five nation-wide warehouses, plus 
numerous field stocks— Foster can service your every piling need 
with the exact lengths and exact sections of interlocking steel sheet 
piling—all makes and all types. You can always count on dependable 
delivery “FASTER FROM FOSTER"— and the low rental rates give 
you an added advantage in competitive bidding. Also available for 
immediate delivery from Foster: Rental Lightweight Corrugated 
Steel Sheet Piling, Pile Hammers and Pile Extractors. 
















Send for 
FREE PILING WALL CHART CV-! 


A valuable reference guide fully 
illustrated with tables, diagrams 
—pertinent facts and figures on 
all standard makes (all sections) 
of steel sheet piling, corrugated 
lightweight piling, pile hammers 
and pile extractors. 


RENTAL 





Geo. M. Brewster & Son, Inc., Bogota, N. J. 
Cayuge Foundation Corporation, New York, N. Y. 
Del Balso Construction Corporation, Bronx, N. Y. 


Francis A. Canuso & Son, Philadelphia, Po. . 


Franklin Controcting Company, Newark, N. J. 
Grow Construction Company, Inc., New York, N. Y. 
Jaggord Engi ing Company, West t, N. J. 
Linde-Griffth Construction Corporation, Newark, N. J. 
Napp-Greceo Company, Nework, N. J. 

P. T. Cox Construction Compony, New York, N, Y. 
Peerless Construction Company, New York, N. Y. 
Raymond Concrete Pile Company, New York, N, Y. 

S. J. Groves & Sons Company, Woodbridge, N. J. 
Underpinning & Foundation Co., New York, N. Y. 
Union Building & Construction Corp., Passiac, N. J. 
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PILE HAMMERS & EXTRACTORS © RAILS © TRACK ACCESSORIES © PIPE 


LIEV OLIVIA’ co 


PITTSBURGH 30, PA. ¢ CHICAGO 4, ILL. © NEW YORK 7, N.Y. ¢ HOUSTON 2, TEX. 
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‘inthe big year coming up 


MOVES MORE PAYDIRT PER DAY! That's Interna- 
tional’s Big Red TD-24—the most powerful crawler 
on the market—the crawle: that gives you the fastest 
work cycle. 











Here’s help... . PARTS 4x0 SER\ 
where and when you need it... —— Bw = 
with your International — 
Industrial Distributor’s ready SF 

service and parts departments 21: sts meron alist bm 






*~ 


Your crawler tractors have to pay off with 
more work done per day, more days worked 
per year. 

That means speed and power. The ability 
to stay on the job. Minimum downtime. 


And it also means fast maintenance serv- 
ice at your call, when and where you need it. 





That’s your International Industrial Dis- a  -€ 
tributor’s service—service that includes i 







“HEART SPECIALIST!" 4 crawler’s heart is its sturdy fuel pump. 


TRAINED ‘“'DIESEL DOCTORS’’—factory- It seldom needs attention. When it does, this “diesel doctor” 


° _ " ° operates with precision instruments in a special dust-free room. 
trained specialists in maintenance and over- _ —_— 


wet 
haul. _— ene Re 










PROMPT FIELD SERVICE at your job site to ; .= 
' help keep your equipment working, to get it 4 | 5 py 
back to work faster, to cut costly downtime A ap » ~ ees a , 
on the spot. , “ r i | > ¥ * 4 A. nin . . 
- COMPLETE SHOP FACILITIES for major work Ms, i\ mI . | a so 
—you’re never far from an International ie - 





Distributor’s shop, no matter where your 
equipment goes. 


QUICK PARTS SUPPLY from your distribu- 








™ a — sssli a 






P tor’s fully stocked parts department, backed HERE'S HELP WHEN YOU NEED IT. Skilled, experienced mechan- 
. ’ ics equipped with the right tools for doing major maintenance 
by International Harvester’s network of stra- fest at pa International Distributor’s shop. 
tegically located parts depots (in size and 
scope, exclusive in the industry). 
Isn’t this complete service a mighty good 
reason to get International ‘‘Power that 
Pays’’ for the hard-working years ahead? 
‘ INTERNATIONAL HARVESTER COMPANY 
i CHICAGO 1, ILLINOIS 
> 
a tala 
Cs aah (POR ez 





ON THE JOB! Here are an International Distributor’s field 


ay4 PQ W E R T H AT PAYS servicemen, on the job at the job site installing an over- 


hauled transmission. A phone call gets this kind of service, 


. 








on Bridge Construction 


build with REINFORCED CONCRETE 


I. these days of material shortages, every pound 
of steel must be used where it will do the most good. That's why highway 
engineers all over the country are choosing reinforced concrete for bridges 
and overpasses ... it helps them stretch their steel allotments. Reinforced 
concrete has many other advantages. It is a flexible medium which allows 
imaginative and beautiful design. It is economical. And, it is durable — highly 
resistant to wind, shock, and quakes. On your next bridge, design 
for reinforced concrete! 


CONCRETE REINFORCING STEEL INSTITUTE ¢ 38 South Dearborn Street, Chicago 3, Illinois 


14 January 1952 * CIVIL ENGINEERING 








“Ff 














Worthington-designed 
dual plunger fuel pump. 


co 


Diesel Engines, 
Gas Engines, 1 
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150 to 2640 hp 
to 2880 hp 
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This Diesel Is Ready 


FOR A CHANGE IN DIET 


Right now this Worthington Diesel—one of three 1760 hp units owned 
by the city of Tarboro, N. C.—is operating on oil. 

But they anticipate natural gas in this area, and this Diesel is ready for 
it. With slight changes, it can easily be converted. 

Worthington-designed dual plunger pumps now completely fuel this 
engine with oil—producing more perfect atomization, making possible the 
use of a heavier grade of oil. Also: firing pressures are reduced, exhaust 
temperatures, too, and combustion is improved. 

When the conversion to gas is made, the dual plunger pumps will furnish 
pilot oil for ignition. Conversion is made quickly and at low cost. 

For any engine application, call on Worthington—an engine for any fuel: 
oil (crude or regular), gas or ‘dual fuel”. Worthington’s complete line of 
engines assures you of the most economical operation no matter what fuel 
you use. 

Only Worthington dual fuel engines offer such exclusives as dual plunger 
pumps, gas micro-metering valves for each cylinder, and automatic thermal 
air control—all built to give optimum performance for the fuel used. 

Write for Bulletin S-500-B 31 C, Worthington Pump and Machinery Cor- 


poration, Engine Division, Buffalo, New York. 


THINGTON 
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WORTHINGTON-BUILT AUXILIARIES 
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should buow about 3 
the Maryland Test Road 


Not a single structural crack developed 


in any of the 28 forty-foot concrete slabs | 
built on non-pumping, granular subbase 


The Maryland Test Road, 1.1 miles long on U. S. 301, was a two-lane J 


“= 


concrete pavement of 9"-7"-9" section. When it was built in 1941 pump- 
ing had not become a problem. Consequently most of the concrete 
pavement was placed directly on the natural fine-grained subgrade. 


P 
However there was a non-pumping, granular subbase under 28 forty- 2 
foot slabs. - 

* 


For nine years the pavement in this test section carried all normal . 
traffic plus the heavy wartime traffic. Then for six months the pave- 
ment was subjected to accelerated truck traffic equivalent to at least 20 
years of normal traffic on this road. Yet the 28 slabs on granular sub- 
base carried 238,000 trips by trucks with single axle loads of 18,000 Ib. in 
one section and 22,400 Ib. in another section without any structural 


cracks. These slabs are in as good condition as when opened to traffic. 


Since the Maryland Test Road was built a decade ago there have been 
many improvements in concrete pavement design and construction. 
With today’s knowledge of soils, highway engineers can determine sub- 
grade bearing values and any tendency of soils to pump. A thin insulat- 


ing layer of granular material, where needed, will prevent pumping. 


Thus the engineer can design a concrete pavement that will give un- 





excelled service under an unlimited number of legal axle loads and 





render this service at lower annual cost than any other pavement. 





PORTLAND CEMENT ASSOCIATION 


33 WEST GRAND AVENUE, CHICAGO 10, ILLINOIS 
A national organization to improve and extend the uses of portland cement and concrete through scientific research and engineering field work 
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Pitching 20-hour days 
for Morrison-Knudsen 
on Snake River Dam 





Push-loaded by a “Cat” D8 Tractor, this ““Cat’’ DW20 with No. 20 Scraper averages 14 trips 
per hour on a 1,260-ft. round trip. Average load—17 loose yards. Working day—20 hours. 








With proper balance between 
speed, weight and horsepower, 
this “Cat” No. 12 Motor Grader 
puts out extra production at low 
cost. 


Steady, dependable power for 
this Manitowoc crane with 140- 
ft. boom is furnished by its 
“Cat” D397 Engine. 
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The Idaho Power Company’s C.J. Strike 

Hydroelectric project, located on the 
Snake River near Mountain Home, 
Idaho, is scheduled for completion this 
summer. Its earth fill dam will be 3,220 
feet long, 115 feet high, 675 feet wide 
at the base and 30 feet wide at the top. 
It will contain nearly 2,000,000 cubic 
yards of material. 

Morrison-Knudsen Company, general 
contractors for the development, are 
making good use of “Caterpillar” equip- 
ment to keep on schedule. Among the 
“Caterpillar” machines on their roster 
are a DW20 wheel-type Tractor with 
No. 20 Scraper, a D8 track-type Tractor 
with "Dozer and a No. 12 Motor Grader. 
Powering a Manitowoc crane with 
140-ft. boom is a “Cat” D397 Engine. 

Glenn C. Johnson, Morrison-Knudsen 
Superintendent, keeps a close check on 
the performance of all his equipment. 
The high-speed, new “Cat” DW20 is 
proving itself a big producer. With the 
D8 push-loading, the DW20 averages 
280 trips per 20-hour day on a 1,260-ft. 
round-trip haul. Average load per trip 
is 17 pay yards —a total of some 4,760 
pay yards per day. Like all “Caterpillar” 
equipment, sturdily built to stand up 
under tough going, the DW20 stays on 
the job with a minimum of down-time. 

Many contractors have found that 
standardization on “Caterpillar” equip- 
ment pays off in more ways than sched- 
ule-keeping performance. There’s also 
a simplification of their service and 
maintenance problems that saves time 
and money. One dealer. the dependable 
“Caterpillar” Dealer, has the know-how 
and facilities to take care of the entire 
“Caterpillar” line of tractors, motor 
graders. engines and earthmoving equip- 
ment. By having him make regular 
inspections and authorizing him to 
recondition parts before they become 
unusable, contractors find they can 
add many extra working hours to the 
life of this sturdy equipment. 


CATERPILLAR, PEORIA, ILLINOIS 


CATERPILLAR 


S. PAT. OFF 
DIESEL ENGINES + TRACTORS 
MOTOR GRADERS + EARTHMOVING EQUIPMENT 
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ANOTHER IMPORTANT STEP FORWARD 
IN LARGE-CAPACITY 
ELEVATED STEEL TANK DESIGN— 





alg The Toro-segmental Bottom Tank 


= 


by PITTSBURGH * DES MOINES 


This Pittsburgh-Des Moines elevated steel tank, steel, and achieving lower cost. @ The pleasing 
recently erected for the City of Dayton, is of appearance of the tank is matched by its efficient 
new Toro-segmental Bottom design, with a performance: head range is but 3414 ft. The 
water storage capacity of 2,000,000 gallons. tank diameter is 102 ft.; high water line is 95 ft. 
The design carries the load by suspension of the above foundation tops. @ Write for a consultation 


tank bottom, rather than by beams—using less on your water storage requirements. 





PITTSBURGH*DES MOINES STEEL CO. 


Plants at PITTSBURGH, DES MOINES and SANTA CLARA 


Sales Offices at 


PITTSBURGH (25 3470 Neville island DES MOINES (8), 971 Tuttle Street 

NEWARK (2 251 Industrial Office Bidg. DALLAS (1), 1275 Praetorian Bldg 

CHICAGO (3), 1274 First National Bank Bidg SEATTLE 578 Lane Street 
SANTA CLARA, CAL 677 Alviso Road 




















INDUSTRIAL DISTRIBUTOR 


GENERAL MOTORS 


DIESEL 








ENGINES * POWER UNITS * GENERATOR SETS 
SALES * PARTS * SERVICE 





880 EAST 141st STREET NEW YORK 54, N. Y. 


Phone MElrose 5-7707 


ORR OS OEE Se RS ne ee I 
CIVIL ENGINEERING ¢ January 1952 19 






















Take a bow. fellers! 


Precision and quality don’t grow on trees. But they 
grow. 

At Keuffel & Esser precision and quality are almost 
a century plant. In other words they have been grow- 
ing there in fertile soil for exactly 84 years. (K&E was 
founded in 1867.) 

It’s mostly a matter of people. Oh, there are machines, 
too, big ones, little ones—some of them almost human 
—but it takes people to imagine the machines, and to 


master them and supplement them. 


Precision in the Air 


I’ve been talking about K&E products for a long, 


The first factory built by 
Keuffel & Esser, in 1880. 


My hats off to 


7 the beople who make 
. D KE products 


long time. Maybe it’s time I talked a little about the 
people behind them. 

I’ve just been through the K&E factory at Hoboken 
again. I wish you could have been along, because you, 
as an engineer, would have seen much more than I. 
But even I could sense the honest craftsmanship and 
the father-and-son tradition of precision and the zeal 
for quality in the air. 

You just don’t get to be that fine in one generation. 

There are a number of K&E employees who have 


been around for about a half a century, and there are 


MosT KAE WORKERS 






MUST HAVE CUT THEIK 
TEETH ON K ez 
sLIDE RULES 


< 


some 150 employees who have been there for a quarter 
of a century or more. This latter bunch of kids, as well 
as the young sprouts who have 
been there only 20 or 15 years, 


have inherited the K&E feeling ~ 


for doing things the good, old, 
exciting, honest way. 

But don’t get the idea that 

there is any moss on K&E. An out- 

> fit that has thrived this long has 











to have the knack of remaining 
perennially young and of keep- 





ing ahead of the pack. 
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“Partners in Cr ating” 


When K&E coined the phrase “Partners in Creating,” 
they of course meant not themselves but their products. 
And it’s true that K&E products have been in with 
engineers, scientists, draftsmen and architects on the 


oF. Ke 


The K&E trade mark for decades, and the more 
modern one adopted in recent years. 





creation of most of the big man-built wonders of the 
world for over 4/5 of a century. 


Zippy at 84 


K&E have remained alert and alive, as is evidenced 
by their unending originality and inventiveness. They 
made America’s first slide rules, as far back as 1891. 
And in both world wars, they did a big development 
job on optical equipment for our fighting men—on vital 
things such as periscopes, fire control instruments and 
height finders. The K&E catalog is full of “firsts”— 
some of them plenty recent, such as Wyteface* Mea- 
suring Tapes and Leroyt Lettering Equipment. No 


wonder it’s the engineers’ encyclopedia. 





























KE CATS WHISKER DEPARTMENT 


Factories within a 
Factory 

K&E headquarters are a town within a town, many 
factories within a factory. In one area they're coating 
miles of papers and cloths. In another they’re turning 


screws so tiny you feel like a hippopotamus if you try 
to pick one up. Here they’re grinding optical lenses. 
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Gee there are 


a lot of FIRSTS 
inthis book ! 





There they’re putting graduations no bigger than a 
fly’s kneecap on scales of some sort. Here they’re do- 
ing fastidiouslv fine leather work. There they’re reeling 
off steel measuring tapes by the mile. 


— - 7 = 
—tme_ 
—_— 
IC2ZE was in there sloliting, 
in World Ware T and IL 





But wherever you go you are aware of the age-old 
passion for precision and quality. And I’m not the least 
bit sorry that today I haven’t sold you a single K&E 
product. I’ve just tried a 
little bit to sell you on the 


people at K&E—and to get f }} 
you to believe that you wk \— 
can safely make K&E ly _ 


roducts trusted part- 
prodt P . Partne,. 
ners in your own crea- in ¢ nat 
tive work. ond Yer Me — 
eri, Ui 
*Trade Mark engners of the have "men t 
shapine®” and _.1otts 
tTrade Mark ® pi the d Scientign 
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Cheers 


10 DAYS SAVED 
IN REPAVING KEY SECTIONS 





Wa 

OF HENRY HUDSON PARKWAY C1 

Rol 
@ Repaving this key section of Henry Hudson Park- some new ‘Incor’ roadway was in full use ten days 

way’s northbound lane illustrates how good job ahead of schedule! Good example of modern efficiency Rut 

planning minimizes traffic interference. Using ‘INCOR’ in highway building and ready-mix service, as well as Ma 

AIR-ENTRAINING 24-HOUR CEMENT for the dual _ of this clear-cut fact: Dor 
advantage of increased workability and durability, plus When you want to beat a record, without sacrificing 

dependable 24-hour service strength, heavy trafic was quality, you can’t beat ‘Incor’*, America’s FIRST High- Jam 

maintained through the job at all times. And the hand-_—early-strength Air-entraining Portland Cement. 

*Reg. U.S. Pat. Off. 

ANOTHER EXAMPLE OF DUAL ADVANTAGE OF ‘INCOR’ AIR-ENTRAINING 24-HOUR CEMENT 33 1 

eT 

1 

° N 

6: 

3 

T 





Finishing followed closely behind the mixer 


All hands remarked at the enhestva, highly- 
—highly-plastic ‘Incor’ mix expedited alk” 


plastic quality of the 31," slump ‘Incor’ 


Traffic used 3 lanes, while 2” asphalt top- 
ping and 3” of old concrete base were dug 























out and two westerly lanes concreted. air-entrained concrete. placing and finishing. T 
2 
HENRY HUDSON PARKWAY REPAVING 
~ between 95th and 98th Streets 

Supervision: CarR 
DEPARTMENT OF PARKS, CITY OF NEWYORK Wu 
Contractor: QUEENS STRUCTURES, INC.; 0 
Woodside, N. Y. “A 

Ready-Mix ‘Incor’ Air-Entrained Concrete: m2 
: COLONIAL SAND & STONE CO. INC.; — 

The first two lanes were quickly opened to Completed 10 days ahead of time —result of New York _ 
traffic, as work went ahead at top speed paving know-how, on-time ready-mix serv- _— 
on the next two lanes. ice, and typical ‘Incor’ performance. year 
LONE STAR CEMENT | = 
A Pri 
mad 
auth 
that 


LOWE STAR CEMENTS COVER 
THE ENTIRE CONSTRUCTION FIELD 





Offices: ABILENE, TEX. +» ALBANY, N.Y. - BETHLEHEM, PA. - BIRMINGHAM 
BOSTON + CHICAGO + DALLAS + HOUSTON INDIANAPOLIS 
KANSAS CITY, MO. NEW ORLEANS NEW YORK + NORFOLK 
PHILADELPHIA RICHMOND + ST. LOUIS WASHINGTON, D. C. 


LONE STAR CEMENT, WITH ITS SUBSIDIARIES, IS ONE OF THE WORLD'S LARGEST 
CEMENT PRODUCERS: 17 MODERN MILLS. 125,000,000 SACKS ANNUAL CAPACITY 
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HYSTER... One of the Oldest 





33 Hyster Tractor Tools 


..include a complete line of WINCHES, 
YARDERS, TRACTOR DONKEYS®, 
CRANES, the LOGGING SULKY™ and 
ARCHES; GRID ROLLERS for bitumi- 
nous road salvage; and HYSTAWAY'", the 
5 in 1 tool that includes dragline, clam- 
shell, crane, shovel and backhoe. 

Hyster Tractor Tools make money for 
their owners in construction, logging, oil 
fields, road work, and in many branches of 
general industry and the government. 


Names in Tractor Equipment™ 


For 22 years Hyster has made 
tractor tools for use with Caterpillar 
track-type tractors. Mounted on the 
big yellow machines, dependable 
Hyster tractor tools are at work on 
the roughest, toughest jobs all over 
the world. 

Hyster tractor tools are sold and 
serviced by more than 700 Caterpil- 
lar-Hyster dealer stores around the 
globe. 


*MORE THAN 40, 000 SATISFIES OWNERS oF NYSTER TRACTOR WINCHES 





- i 
newest tractor tool. iO ‘ 


d with Caterpi motor groders 4 
ctors. ~ 


and Caterpillar DWI10 ¢ and trock-type 


wad a 
LA K<- Col <4 tle 
ee ie 


hahah) ahahiht 


4nd ff addin i he 





hon m 


 HYSTER conan : 


2999 N. E. CLACKMAS, PORTLAND 8, OREGON 
1899 NORTH ADAMS ST., PEORIA 1, ILLINOIS 
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With completion this month of the $255,000,- 
000 New Jersey Turnpike, motor vehicles can 
travel for 118 miles at an even 60 miles an hour 
from New York's George Washington Bridge 
southwest across New Jersey to the new Dela- 
ware Memorial Bridge near Wilmington, Del. 
Because the route cuts through one of the most 
densely populated and heavily industrialized 
areas in the country, right-of-way costs were high 
and engineering problems were aggravated. 
Financed by revenue bonds without federal or 
state aid, this toll expressway is self-liquidating. 
Seven engineering firms were made responsible 
for its design and supervision of construction, one 
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NEW JERSEY TURNPIKE 


TOMORROW'S 


HIGHWAY BUILT 








for each of the construction sections. The first 
of the more than 80 major construction con- 
tracts was awarded in December 1949. The 50 
different prime contractors used equipment with 
a total value of $45,000,000. Simultaneous oper- 
ations on all sections and an accelerated schedule 
led to the opening of the southern 93 miles in 
November 1951, in the record time of 23 months. 
Top engineering talent has built long life, safety, 
and public convenience into the Turnpike—it 
has been characterized as ‘tomorrow's highway 
built today." It is a worthy monument to the 700 
engineers and 10,000 others who toiled to design 
and build it. 
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THE STORY of the New Jersey Turnpike, told in the following pages, originally was presented 


during the ASCE Annual Convention in New York, at sessions jointly sponsored by tive of the 
Technical Divisions (Construction, Engineering Economics Highway, Soil Mechanics and Founda- 
tions, and Structural), with Elmer K. Timby, M.ASCE, then chairman of the Executive Committee 
of the Construction Division, presiding at the opening session. 


New Jersey—A Traffic Corridor 


PAUL L. TROAST 


Chairman, New Jersey Turnpike Authority 


Limited-access Turnpike relieves congestion 


ANY DISCUSSION of the New 
Jersey Turnpike and the New Jersey 
Turnpike Authority can appropri- 
ately begin only with a tribute to the 
very able governor of New Jersey, 
the Hon. Alfred E. Driscoll. Real- 
izing as far back as 1946 that extra- 
ordinary measures would be required 
to cope with the ever-increasing 
problem of vehicular traffic in New 
Jersey, Governor Driscoll sponsored 
the legislation authorizing the New 
Jersey Turnpike Authority. He 
stayed with the enabling act, saw it 
through the legislature in 1948, and 
finally, on March 31, 1949, only some 
thirty short months ago, appointed 
the three members of the Turnpike 
Authority. 


26 (Vol. p. 2) 


He was of inestimable help during 
the entire period in which my col- 
leagues and I struggled with the many 
problems involved in building any 
major highway, and particularly in 
building a limited-access express high- 
way through the northern part of New 
Jersey, where communities border 
on one another, where space is at a 
premium, and where cost is a very 
serious consideration. 

Geographically New Jersey is one 
of the smallest states, but in terms of 
population and of importance to the 
economy of the country it is one of 
the greatest states. As a result of 
its location, it has a concentration of 
traffic the like of which does not exist 
anywhere else in the United States, 





or in fact, anywhere else in the world. 
It is a corridor lying between the 
populous areas of New England and 
New York, Pennsylvania, the South 
and the West. In addition, it is the 


connecting route between New York - 


and Philadelphia, the first and third 
largest cities in the country. Thus 
we have the serious problem of rout- 
ing through transportation as well 
as the local problem of handling the 
vehicular traffic of our own state. 
The state has only limited means 
with which to solve these traffic 
problems. The State Highway De- 
partment, for instance, has only some 
$30,000,000 a year available for new 
state highway construction. To point 
out that parts of the New Jersey 
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Turnpike, particularly in the north- 
ern section of the state, cost as much 


| as $8,000,000 per mile, probably em- 


phasizes my point better than any- 
thing else I could say. Under the 
circumstances the financing of a 
project such as the Turnpike could 
obviously not be accomplished in 
any ordinary way. It was Governor 
Driscoll who had the vision to realize 
this fact. 

New Jersey has not always had the 
traffic problem that confronts it to- 
day. At the end of World War I it 
was one of the leading states in high- 
way construction. In the period fol- 
lowing the war it built the Pulaski 
Skyway, the Jersey City open cut, 
and a major part of the dual highway 
mileage in the entire United States. 
Then came the depression with its 
curtailed construction and, after that, 
World War II, with shortages of 
materials, money and labor. A year 
or two ago it was estimated that New 
Jersey needed an expenditure of 
$600,000,000 to bring its state high- 
way system up to date and enable it 
to cope with the extraordinary traffic 
conditions that had arisen. 

The foregoing situation, it must be 
remembered, was prior to the price- 
inflation spiral brought about by the 
Korean War. Even with the Turn- 
pike practically a reality at an ex- 
penditure of $255,000,000, present 
estimates would have to place the 
state's new highway construction 
needs at nearly a billion dollars. 

A review of what happened to the 
facilities serving New Jersey in the 
thirty-month period between the 
end of 1947 and July 1, 1950, will be 
illuminating to those not familiar 
with the New Jersey traffic situation. 
These important facilities serving 
the state include the Port of New 
York Authority’s three Hudson River 
crossings—the George Washington 
Bridge, the Holland Tunnel, and the 


Lincoln Tunnel; the Pennsville 
Ferry, recently replaced by the 
Delaware Memorial Bridge; the 


Philadelphia-Camden Bridge; and 
the Edison Bridge serving our shore 
traffic. In the thirty months in ques- 


tion, traffic on each one of these 


facilities increased from 36 to 43 per- 
cent, the rate of increase on the major 
facilities being the higher percentage. 

Today the traffic volume on Route 
1, opposite Newark Airport, is in 
excess of 100,000 vehicles a day. In 
the narrow nine-mile corridor be- 
tween the Orange Mountains and 
Newark Bay, north-south traffic 
amounts to more than 300,000 ve- 
hicles a day. In a recent check-up 
on some of the facilities showing a 43 
percent increase in the thirty-month 
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period up to July 1, 1950, it was 
found that although the three trans- 
Hudson crossings of the Port of New 
York Authority had a record of 
some 53,000,000 crossings in 1950, 
the 1951 rate was 17 percent in excess 
of that record year. 

Such considerations as these will 
give an idea of why the New Jersey 
Turnpike had to be built as a toll 
and revenue-bond project. For the 
benefit of those who are interested 
in how we went about determining 
whether a toll project was required, 
and then. how we proceeded on a 
policy-making level, I will review the 
steps preliminary to bringing the 
Turnpike into being. 


Turnpike Authority Is Set Up 


As I have said before, the New 
Jersey Turnpike Authority has been 
in existence only thirty months. In 
the first two months three of us— 
businessmen without any political 
experience, or any experience, in 
building highways or bridges—were 
tapped on the shoulder by the Gover- 
nor and told, “You're it.’’ It took 
us two months to make the initial 
studies required to determine whether 
we should recommend any toll proj- 
ects for the state and to assemble 
a small, competent organization to 
aid us in these studies. 

By the end of two months we were 
satisfied that a major backbone high- 
way was an immediate necessity. 
We had determined that the high- 
way should extend from the George 
Washington Bridge, southerly across 
the State of New Jersey, to the Penns- 
ville Ferry, now the Delaware Memo- 
rial Bridge. We had also determined 
that it should be adjacent to all the 
major centers of population in the 
state, including such cities as New- 
ark, New Brunswick, Elizabeth, Tren- 
ton, Camden, and others south to 
Deepwater, and the populous areas of 
Bergen, Hudson, and Passaic coun- 
ties adjacent to its northern ter- 
minus. 

Consulting engineers and engineer- 
ing firms were then employed to 
make over-all recommendations as to 
alignment and cost estimates, and 
other experts to determine traffic and 
revenue figures. They were given a 
short four months to make the study 
—a study that was to be the sole 
basis of our request to the revenue 
bond market for some $255,000,000, 
as it eventually turned out. It is 
much to the credit of the engineering 
firms in question that they were able 
to complete the study so quickly. 
However, it was another five months 
before we actually had the money 
both in hand and committed. 


The reason for the delay was that 
there was found on the statute books a 
case involving a similar authority 
but concerned with water, which 
had been held unconstitutional by 
our highest court. It was thus neces- 
sary for us to test the constitutional- 
ity of the New Jersey Turnpike 
Authority Act. We had also to find 
out when we requested funds, whether 
legislation giving us certain needed 
additional powers could also be ob- 
tained. So it was eleven months 
from the time we were first appointed 
an agency of the State of New Jersey 
to the time funds were available. 

To avoid delay we jumped the gun 
a little by hiring engineers to start the 
design of the project before there was 
money to pay them. We had others 
preparing maps so that as soon as we 
were in receipt of funds we could be- 
gin to acquire the 3,400 parcels of 
real estate needed for the New Jer- 
sey Turnpike. After consultation 
with the engineers, we then set our- 
selves a goal of 22 months from the 
time we received the funds to com- 
pletion of the project. This goal was 
contingent on getting the paving done 
in one construction season. It was a 
case either of completing it in Novem- 
ber 1951 or of going into the mid- 
summer or fall of 1952. 

Once again I must pay tribute to 
the engineers, whose cooperation 
has permitted the successful out- 
come of every phase of the project in 
record time. Involved in the Turn- 
pike work was the moving of nearly 
52,000,000 cu yd of earth; the build- 
ing of 260-odd structures, five of 
them major bridges; and the laying of 
almost 7,000,000 sq yd of pavement, 
including the shoulders. We have 
obtained since the beginning of the 
Korean War—and it should be re- 
membered that of our twenty or 
twenty-one months on the project, 
only four months were before Korea— 
a total of 191,000 tons of steel of all 
kinds. 

Tribute must also be paid to the 
very able Turnpike Authority staff. 
For the first eleven months of the 
work, before funds were available, 
we functioned with only ten paid 
employees. At the beginning of 1951, 
with some $200,000,000 worth of con- 
struction under way, we had a total of 
82 on the payroll. The work was 
accomplished by utilizing private 
real estate experts and firms and pri- 
vate engineers as consultants and 
section supervisors. Finally tribute 
is due the top-level executives on the 
Turnpike Authority—W. W. Wana- 
maker, M. ASCE, our Executive 
Director, and Charles M. Noble, M. 
ASCE, our Chief Engineer. 
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W. W. WANAMAKER, M. ASCE 
Executive Director, New Jersey 

Turnpike Authority 

Trenton, N.J. 


Streamlined staff directs big project 


A FEW non-technical and personal 
comments on the organization and 
procedures of the New Jersey Turn- 
pike Authority will give a closer un 
derstanding of the methods employed 
during the past two and one-half 
years to bring about the practical 
completion of a remarkable project. 

The staff of the Authority includes 
a counsel, a comptroller, a chief en- 
gineer, a director of real estate, and a 
director of public relations. So 
closely associated with us as to be in 
effect a part of our immediate staff, 
are our consulting engineers, the firm 
of Howard, Needles, Tammen & 
Bergendoff. When I joined the 
Authority, there were 17 employees; 
we have now grown to about 90. The 
members of the staff were unknown to 
each other when they were first em 
ployed, although each was a specialist 
in his own particular field. 

The three commissioners, who have 
served without pay, have met regu 
larly once a week since their appoint 
ment in March 1949. Beginning 
shortly after 9 a.m., these sessions al 
ways lasted well into the late after- 
noon, and frequently into the even- 
ing, with no time out for luncheon ex- 
cept sandwiches eaten at the confer 
ence table. Each of these meetings 
has been attended by the principal 
members of the Authority staff and 
by the consulting engineer. A com- 
prehensive agenda including exhibits, 
charts, and weekly reports of progress, 
prepared in advance of each meeting 
by the executive director, afforded 
the commissioners opportunity for 
study prior to the date of the meet 
ing. Each feature of the project was 
covered at each meeting, including 
design, construction, real estate ac 
quisition, special problems, finances, 
administration and personnel, and 
general planning for the future. At 
many meetings the engineers for the 
particular sections involved and mem- 
bers of their staff and the consulting 
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architect's staff were present for spe- 
cific presentations and discussions. 
Several meetings were attended by 
the Special Paving Committee to give 
the commissioners an opportunity to 
review all the committee’s design 
criteria, assumptions and conclusions. 


Staff Functions Described 


The staff had its work cut out for it, 
and as the sessions continued, the 
work was repeatedly redefined and re- 
emphasized so that no one could mis- 
understand his respective obligations. 
If my somewhat bantering comments 
will not be taken too literally, I might 
describe our functions as follows: To 
speed up progress; obtain perfect 
construction methods and _proce- 
dures; procure the country’s best 
contractors in competitive bidding at 
prices below engineers’ estimates; 
construct the finest turnpike ever de 
vised and, at the same time, issue only 
such change orders or modifications of 
plans as would reduce costs and im- 
prove quality; acquire the right-of- 
way for the 118 miles in nothing flat; 
pay no more than fair market value 
but satisfy fully all property owners; 
resort to condemnation where neces- 
sary, but avoid the possible criticism 
that land owners were being robbed 
by a high-handed Authority; satisfy 
each of the ten counties through 
which the Turnpike passes, and their 
respective townships, boroughs, and 
municipalities in providing improve- 
ments and betterments in construct- 
ing crossings over or under the Turn 
pike, without increasing over-all costs 
to the Authority; procure steel, 
copper, and other critical materials 
without delay, regardless of what the 
National Production Authority might 
have to say; see to it that all roads 
damaged in construction were re- 
paired, no matter by whom the dam- 
age was done; satisfy in some man- 
ner those interested in employment; 
and finally, lay down an asphaltic con- 


crete pavement and convince the ce- 
ment people that it was a good deci- 
sion. 

In all seriousness, however, with 
the host of engineers engaged for de- 
sign and supervision of construction, 
there was a real problem of coordina 
tion and the need for exact definition 
of responsibilities. At the peak of 
the construction period this past 
summer, when we had under way 
nearly SO major construction con- 
tracts, involving close to $200,000,000 
worth of work, and were faced with 
the cumulative effect of delays due to 
critical material and manpower short- 
ages, it seemed at one time almost a 
certainty that the job could not come 
out on or even close to schedule. In 
such circumstances there was the nat- 
ural tendency to tighten control 
that is, to centralize operations in 
Trenton completely. That, however, 
was thought not to be the answer. 
In the manner of a well-trained foot- 
ball team which, when ground gain- 
ing is tough, opens up its play, not in 
desperation, but in order to afford 
each of its eleven members full op- 
portunity to give the best they have, 
we in great measure put responsibili- 
ties more directly in the hands of our 
section engineers, with such delega- 
tion of authority as was essential to 
expedite progress. All have come 
through in fine fashion. 


Seven Sections for Construction 


The Office of Chief Engineer was 
established to obtain direct engineer- 
ing advice for the coordination of de- 
sign and establishment of specific de- 
sign criteria, and for general over-all 
supervision of the construction as- 
signed to the consulting engineer and 
to the section engineers. To ex- 
pedite design and the initiation of 
construction, the Authority divided 
the 118-mile Turnpike into seven sec- 
tions and assigned a nationally rec- 
ognized highway and bridge en- 
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gineering firm to design and super- 
vise construction within each sec- 
tion. These selections and assign- 
ments are given in the box on the 
following page. 

During the first year of construc- 
tion, the chief engineer had as his 
immediate assistant a construction 
engineer, who in turn had three 
area engineers as assistants. With 
expansion of construction, it became 
apparent that there were ambiguities 
in the assignment of duties and re- 
sponsibilities, and at times it was dif- 
ficult to determine the exact func- 
tions and duties of the assistants to 
the chief engineer, of the section en- 
gineers and their resident engineers, 
and of the consulting engineer, who 
had his own staff of specialists. This 
led finally to the abolition of the area 
engineers, a more direct delegation of 
authority to the section engineers, 
and the assignment of a representa- 
tive of the consulting engineer in the 
offices of the Authority, so that the 
combined advice of the chief engineer 
and the consulting engineer would be 
continually and currently available. 
This procedure aided in resolving 
more rapidly the many different views 
that are naturally found in a large 
staff of engineers, not only concerning 
construction problems, but on such 
matters as the priority of importance 
of construction items, and the design 
and construction of concession areas, 
signs and highway markings, toll 
plazas, the toll collection system, and 
other problems of both initial con- 
struction and final operation. 

The maximum rate of progress and 
expenditure was reached in August, 
September, and October 1951, in 
which three months more than $50,- 
000,000, or about 25 percent of the 
entire construction cost, was paid 
out. During this period all contrac- 
tors were urged to work at peak 
capacity, with full use of overtime 
and six- and even seven-day work 
weeks to meet the construction sched- 
ule. The period called for a high de- 
gree of coordination among the en- 
gineers and contractors, broad dele- 
gations of authority, quick decisions, 


and an all-out effort to exhaust every 


source of labor and materials. It 
was in this period that a “‘stream- 
lined” organization was imperative. 


Financial Setup Devised 


The trustee of the Authority is the 
Chase National Bank of New York 
City, which handles all the Author- 
ity’s funds. Requisitions are made 
on the bank as required to pay con- 
tractors, engineers, property owners, 
and others. These requisitions were 
submitted almost daily during the 
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peak construction period, reaching a 
high mark of $22,260,000 in October 
1951. Promptly upon receipt of a 
requisition from the comptroller, 
signed by the consulting engineer, and 
in the case of land acquisition, by coun- 
sel as well, the trustee transferred 
from the construction fund to the 
credit of a special account in the name 
of the Authority the total amount set 
forth in the requisition. When ad- 
vised by telephone that such a trans- 
fer had been made, the comptroller 
drew checks for payment of the va- 
rious accounts included in the requisi- 
tion, which were signed by the execu- 
tive director, who is also the assistant 
treasurer. 

The major construction contracts 
were assigned different dates for the 
submission of monthly pay estimates 
so as to equalize the work load of field 
engineers, computers, and staff offi- 
cials in the preparation and certifica- 
tion of these estimates over the 
month, rather than to impose an un- 
due load upon them at the end of 
each month. This procedure, coupled 
with the dual capacity of the execu- 
tive director, has speeded up pay- 
ments greatly. Many contractors 
have complimented the Authority 
on its prompt payment, which nor- 
mally required only a few days from 
receipt of the pay estimate by the 
chief engineer. 

The Authority’s bond resolution 
also authorized the establishment of a 


revolving fund in the maximum 
amount of $200,000, which was avail- 
able directly to the Authority for 
meeting its payroll and other operat- 
ing costs. This avoided making in- 
dividual and numerous requisitions 
on the trustee for comparatively small 
amounts. 


Acquisition of Real Estate Difficult 


One of the most difficult and com- 
plicated problems facing the Author- 
ity in 1950 was the acquisition of 
some 3,400 parcels of real estate re- 
quired for the Turnpike right-of- 
way. Each of the section engineers 
was responsible for the preparation 
of property maps defining the lands 
to be acquired. Although the initial 
drawings showing the general loca- 
tion were prepared by the end of 1949, 
a great many modifications and ad- 
justments, including such require- 
ments as slopes and drainage ease- 
ments, interchange and service areas, 
were not finally determined upon, in 
some instances, until late in the fall of 
1950. 

Property drawings were pre- 
pared by licensed New Jersey sur- 
veyors, working under the super- 
vision of the consulting engineers of 
each section. The director of real 
estate initiated early in 1950 a screen- 
ing of candidates to act as local ap- 
praisers and negotiators for the ten 
counties traversed by the Turnpike. 
The selection of the first appraiser 
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was approved on February 10, 1950, 
and the first contract for the employ- 
ment of real estate personnel was ap- 
proved early in March of that year. 

It was neither possible nor desir- 
able for the Authority to engage on 
its immediate staff the number and 
type of experts required because of 
the short duration of employment 
and the difficulty of obtaining such 
experts on a full-time basis. On the 
other hand, it was obvious that 
the Authority must have under the 
director of real estate an adequate 
number of independent experts to ap- 
praise and review the results of the 
field activities in order to prevent dis 
tortion of values or faulty negotia- 
tions. 


Summary of Real Estate Organization 


The organization to carry out these 
functions may be summarized as fol- 
lows: 

1. A director of real estate with a 
small staff of specialists, plus the 
necessary clerical and legal adminis- 
trative help, all on a full-time basis 
and directly employed by the Au- 
thority. 

2. Local appraisers reaching a 
total of 30 firms and individuals at 
the peak. 

3. A staff of negotiators, reaching 
a total of 66 firms and individuals 
paid mainly on a “‘perparcel’’ basis. 

4. A group of specialists for the 
appraisal of highly industrial proper- 
ties. 

5. County real estate supervisors 
who acted as general supervisors of 
the appraisers and negotiators, often 
carrying out the final negotiations, 
and who were paid generally on a 
monthly basis of compensation. 

The total cost of the real estate ac- 


quired or in process of acquisition is 
approximately $18,000,000. In spite 
of a late start, it was possible by 
means of voluntary rights of entry 
procured from landowners to keep 
ahead of the contractors, or at least 
to avoid crippling delays. 


Permanent Headquarters and Staff 


After a thorough study of the ques- 
tion of a permanent administration 
building, it was decided to construct 
one at the site of the interchange at 
New Brunswick. The building, 
which will be owned and occupied 
solely by the Authority, will be lo- 
cated on a triangular-shaped area 
procured largely for the interchange. 
Central location of the building along 
the Turnpike will permit handling 
problems relating to maintenance 
and the collection of revenues. It is 
excellently situated in relation to ac- 
cess from the Turnpike, from other 
highways and the railroad, and af- 
fords other conveniences to employees 
and visitors. 

The staff was expanded gradually 
over the two-year period of con- 
struction, and at this time has at- 
tained the proportions indicated on 
the chart (page 29). It is indeed re- 
markable that an undertaking of 
the magnitude and complexity of the 
Turnpike could have been directed 
and coordinated by such a small 
organization. The key personnel re- 
mained few in number, and were re- 
quired to devote unusual effort and to 
work long hours to keep pace with 
expanding activities. The organiza- 
tion is now being considerably ex- 
panded as a result of the employment 
of operating and maintenance per- 
sonnel, and for the transition from 
construction to operation. There are 
being added to the payroll approxi- 
mately 150 toll collectors and as- 
sociated employees, and about 200 for 
the maintenance forces. The size of 
the latter force is dictated largely by 
the personnel necessary to keep the 





Turnpike free of snow and ice during 
winter weather. 

Aside from the outstanding work of 
the eight engineering firms ¢see box at 
bottom of page) and the two archi 
tectural firms who planned and super- 
vised the construction of the Turn- 
pike, and to whom great credit must 
be given, the successful completion of 
the project will be due to the efforts 
of two other groups—one very small 
and the other very large. 

The first comprises a group of three 
men: The Chairman, the builder, a 
man of relentless drive, resourceful- 
ness, energy and vision, who gets to 
the heart of problems with astounding 
speed and directness, who gets things 
done without running roughshod over 
anyone; the Vice-Chairman, the busi- 
ness executive, a man of brilliant 
mind with intense public interest, 
direct, concise, and to the point, one 
who has brought to the Authority a 
wealth of business experience, who 
has guided us at all times in operat- 
ing in accordance with sound busi- 
ness procedures; and the Treasurer, a 
big man both physically and in his 
viewpoint, skilled in the financial 
field, with an almost uncanny ability 
to detect danger spots, and the wis- 
dom to steer us through or around 
them. The Governor should have 
the enduring gratitude of the state 
for the selection of three such men. 
Aside from our organization chart, 
and its statements of functions, du- 
ties, and operating procedures, the 
reason for our progress is to be found 
pretty much in these three men. 

The second group comprises the 
10,000 or more workers who actually 
built the Turnpike—the contractors 
and their superintendents, foremen 
and workers. The Turnpike stands 
as a worthy tribute to the skill and 
resourcefulness of the construction in- 
dustry, to American methods of 
private enterprise, and as a fitting 
memorial to the unfortunate few who 
lost their lives in its construction. 





Section LOCATION Fir™M 


l Deepwater to Wood LE 
bury 


2 Woodbury to NJ Gannett 
Route 38 
penter, Inc 


3 Route 38 to Hights- Parsons 


Greiner & Co 


Fleming 
Corddry & Car 


Brincker- 


Engineering Firms Selected as Section Engineers to Design and Supervise Construction 








town 


Hightstown to Rari- 


tan River 


hoff, Hall & Mac 
donald 


DeLeuw, Cather & 
Co 


LENGTH LENGTH, 
Work MILes Section LOCATION Firm Work MILES 
Highway & 20.2 5 Raritan River to Fay Spofford & Highway& 14.3 
bridges Morse's Creek Thorndike bridges 
Highway & 17.8 6 Morse’s Creek to Bell- Ammann & Whit- Bridges 10.5 
bridges ville Turnpike ney 
7 Bellville Turnpike to Howard Needles, Bridges 8.6 
Route 6 Tammen & Ber 
Highway & 21.7 gendoff 
bridges 
6.7 Morse’s Creek to Edwards & Kelcey, Highway 
Route 6 Frederic R. Har 
Highway & 24.5 ris, Inc, O. J 
bridges Porter & Co 
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$255,000,000 


A NECESSARY preliminary to con- 
struction of the Turnpike was to dem- 
onstrate its economic feasibility to 


the extent that the revenue to be 
derived from tolls would be adequate 
to support construction and other 
project costs on an investment basis. 
Since funds for the project were to be 
obtained only from the sale of revenue 
bonds to private investors, the usual 
rigorous tests for securities of this 
character had to be met. The pri- 
mary purpose of this article is to dis- 
cuss the development of construction 
costs and other expenditures that 
make up the total project cost. These 
figures appear in the comprehensive 
engineering report upon which the 
financing had to be based. 

We engineers believe that con- 
struction of any state or public high- 
way should be justified by its use 
and its service to the public rather 
than by political expediency. Con- 
sideration should also be given to the 
general good which will result from 
the building of a highway. The de- 
velopment of the nation was a pri- 
mary consideration in the building 
of our highways in Colonial days, 
and today it is the basis of our exten- 
sive and important federal aid to 
highways. The New Jersey Turn- 
pike, however, like other revenue 
bond projects, had to be justified 
not on the basis of use or general 
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good alone but also on the basis of 
its direct financial return—an_ in- 
vestment basis. How many of our 
highways would be able to meet this 
severe test in order to have their 
construction justified ? 


Turnpike Is Economically Feasible 


The New Jersey Turnpike meets 
every test as to broad justification 
and financial feasibility. It required 
no promotion. It came about as the 
result of necessity. In fact, I know 
of no publicly owned toll highway 
that has been built except on the 
grounds of necessity. Governor Al- 
fred E. Driscoll of New Jersey first 
realized the full necessity of build- 
ing the Turnpike asa toll highway, and 
he was the driving force behind the 
legislation, the setting up of the 
Authority, the preliminary arrange- 
ments, and the action required to 
complete the project quickly. 

The members of the New Jersey 
Turnpike Authority were appointed 
in the spring of 1949. The prelimi- 
nary studies and reports were com- 
pleted and financing arranged with- 
in about ten months, and actual con- 
struction started in the spring of 
1950. Completion before the end of 
1951 just about establishes a record 
for the execution of a very complex 
highway project 118 miles in length 


and costing $255,000,000. The re- 


farm lands 
and industrial areas stretches 118 miles 
of modern highway with no crossings 
Entire project was built 
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Revenue bonds 
build 118-mile expressway 


without federal or state aid, subsidy, or obligation 


markably high character and ability 
of the non-salaried Commissioners 
of the Authority has considerable 
bearing on the successful outcome of 
the project. 

For several years prior to 1949, 
New Jersey highway officials real- 
ized the need for bold planning re- 
garding major traffic arteries to 
solve the highway problems of the 
state. Route 100 was conceived as 
an expressway connecting the New 
Castle-Pennsville Ferry over the Dela- 
ware River, in the southern part of 
the state, with the George Washing- 
ton Bridge over the Hudson River 
in the northern part. Route 4 Park- 
way, now the Garden State Parkway, 
was conceived as connecting the popu- 
lous suburban areas of north Jersey 
with the Atlantic seaboard communi- 
ties from Sea Bright to Cape May. 

In June 1948 the State of Dela- 
ware began building the $45,000,000 
Delaware Memorial Bridge to re- 
place the New Castle-Pennsville Ferry. 
It is of interest that the Delaware 
authorities financed and started con- 
struction of the Delaware Memorial 
Bridge without any thought that 
the New Jersey Turnpike would come 
into being and connect with its east- 
ern terminus. In fact, they had no 
information as to when New Jersey 
Route 100 would be built and con- 
nected with the bridge. After con- 
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struction of the Delaware Memorial 
Bridge had started, Governor Dris- 
coll realized the imperative need for a 
new traffic artery in New Jersey, and 
it was then that the New Jersey 
Turnpike took the place of the pro- 
posed Route 100. On August 16, 
1951, the Delaware Memorial Bridge 
was opened to traffic. The completed 
Turnpike is now connecting directly 
with it, and both facilities supple- 
ment each other to the very great 
benefit of the motorist. 

There are many aspects of the 
modern ‘“‘motorized’’ economy of 
these United States which conserva- 
tive, factual engineers do not always 
readily comprehend. We are a little 
slow to believe and evaluate all we 
see. In less than six years 30,000, 
000 motor-vehicle registrations have 
increased to 50,000,000. We spend 
more than ever for our highways but 
not enough to keep pace with obsoles- 
cence and deterioration. We have 
1940 highways with 8,000,000 new 
vehicles coming onto them in 1950 
alone. We see record traffic volumes 
and congestion and scarcely dare to 
evaluate them factually. 

Not long before the Delaware 
Memorial Bridge was completed it 
was necessary to estimate the num- 
ber of toll lanes and toll collectors 
required for peak days. The peak 
day on the Newcastle-Pennsville 
Ferry had been 17,000 vehicles. At 
that time the cars were reported 
lined up two abreast for seven miles, 
and the story of the congestion made 
the front page of New York papers. 
It appeared that the highways leading 
to the bridge could not reasonably 
handle a great many more cars. 
With all that was known about pre 
vious travel movements, I attempted 
to prophesy the peak days of the 
future. With the New Jersey Turn 
pike not yet open, 20,000 or at most 
25,000 vehicles, appeared a good guess 
for the peak days of August and Sep- 
tember following completion of the 
bridge. Then allowing the imagina- 
tion full play, I ventured that there 
might be one or two peak days in the 
summer of 1952, after the Turnpike 
was open, when 30,000 vehicles would 
use the bridge. On the first Sunday 
after the bridge was open, 36,000 
vehicles passed over it. Within its 
first 20 days of service there were four 
days when it carried approximately 
30,000 vehicles or better, and the 
Turnpike was not yet in use. 

The traffic studies for the New 
Jersey Turnpike were exhaustive and 
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factual, consistent with the needs for 
financing. Not much time will pass 
before the Turnpike traffic will mate- 
rially exceed the estimates, and there 
will be peak loads that will completely 
tax its facilities. At the same time 
fullest use of the Turnpike will be 
restricted by the limited capacity of 
the approach highways connecting 
with it. For 25 years I have ob- 
served the building of New Jersey 
highways. Without exception, each 
new artery that has been built has 
become overloaded almost as soon as 
it was opened. 


Turnpike Held Vital to Defense 


An investment banker recently 
asked what would happen to the 
Turnpike traffic in the event of a 
national emergency and gas rationing. 
Gas rationing and greatly reduced 
traffic might become a fairly serious 
matter on a revenue bond project. 
However, in a national emergency, 
our industrial activity must be ex- 
panded to the fullest. Since the 
New Jersey Turnpike passes through 
the most heavily industrialized areas 
of the state and connects other major 
industrial areas of the nation, it ap- 
pears logical that great industrial 
activity would produce very heavy 
essential traffic on the Turnpike, 
both passenger vehicles and trucks. 
In addition, if an emergency pro- 
duces military traffic, beyond question 
the Turnpike will serve as one of the 
most vital military routes along 
the entire Atlantic coast. 

Another investment banker asked 
about the permanence of the New 
Jersey Turnpike construction and 
particularly about the life of the 
pavement and its adequacy for heavy 
loads. The quality of construction 
is the highest that modern research, 
engineering design and construction 
methods and equipment can produce 
economically. The structures will 
of course last indefinitely. Now as 
to the embankments, drainage and 
pavements. Compacted embank- 
ments surmounted by frost-free mate- 
rials form a permanent and stable 
foundation on which to build the 
pavement. Thorough drainage will 
eliminate trouble from excessive mois- 
ture. 

The only vulnerable part of the 
pavement, then, is the wearing sur- 
face itself. A pavement designed for 
permanence and low maintenance 
cost, and laid on a stable and strong 
foundation, will last indefinitely. 
Such construction is costly but justi- 
fied. Witness the old Roman roads. 
Such construction will carry any 
axle load imposed through pneumatic 
tires 





There is no permanent wearing 
surface. All surfaces require main- 
tenance and eventual reconditioning, 
especially if smooth, safe and superior 
riding surfaces are required for the 
user and toll payer. Normal main- 
tenance during the early years of 
any modern heavy-duty pavement 
should be very low, whether the 
wearing surface is of asphaltic con- 
crete or portland cement concrete. 
Actual records of maintenance on 
the Main Turnpike pavement dur- 
ing the first four years of service show 
a total cost of about $12,000 for 
some 47 miles of four-lane highway. 
This amounts to $64 per mile per 
year for four lanes, and there is no 
indication that the cost will soon be 
increased materially. 

Future Reconditioning 


To be conservative, we may as- 
sume that in about 20 years or so the 
New Jersey Turnpike pavement will 
need a surface reconditioning, or 
“face-lifting,’’ throughout its length, 
in order to continue providing a 
superior riding surface. The cost of a 
thorough ‘‘face-lifting’’ job should 
not exceed the earnings of the Turn- 
pike for a four- to six-month period, 
and the net effect of such a job, if it 
becomes necessary, will merely be to 
extend the amortization of the rev- 
enue bonds by a four- to six-month 
period. 

The foregoing gives an indication 
of the basic thinking that entered into 
the conception and design of the New 
Jersey Turnpike. In May 1949, work 
was started on the preliminary sur- 
veys and studies which resulted in a 
completed engineering report, ade- 
quate to support financing by Sep- 
tember 1949, a period of about four 
and one-half months. 

The Authority members held meet- 
ings with Spencer Miller, then High- 
way Commissioner for the State of 
New Jersey, and with Charles M. 
Noble, M. ASCE, Chief Engineer 
of the Highway Department, and 
shortly thereafter to become Chief 
Engineer for the Turnpike Authority. 
To expedite the work, the Turnpike 


Commissioners decided to hold their - 


own engineering organization to a 
minimum and to utilize the existing 
organizations of several private firms. 
Within a short time, these firms 
jointly had assigned over 600 men 
in their organizations to the work. 
During the first five months, and be- 
fore the bonds were sold, the Turn- 
pike Authority expended over $600,- 
000 on the development of the proj- 
ect. These figures give some idea 
of the magnitude of the preliminary 
work and the speed and labor that 
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went into the preparation of the 
engineering and traffic reports which 
were necessary to demonstrate finan- 
cial feasibility. 


Good Maps Expedite Turnpike Planning 


New Jersey fortunately is well 
mapped. State highway maps, 
county and city maps, and land 


maps are unusual in their complete- 
ness and detail. These were utilized 
very fully by the engineers. Aerial 
photographs were also available and 
were used to some extent, but a com- 
plete new aerial survey with con- 
tour mapping was early ruled out as 
being unnecessary and too time- 
consuming in view of the excellent 
maps already available. Local engi- 
neering firms within the state were 
consulted very extensively on loca- 
tion and land surveys. Data in the 
state departments pertaining to geol- 
ogy, water resources and drainage 
conditions were utilized fully, and 
the knowledge and advice of state 
as well as local officials were sought. 
Location studies were begun im- 
mediately, both by map study and 
field reconnaissance. Traffic move- 
ments that would affect Turnpike 
location were studied with the traffic 
engineers. Services to be rendered 
to the larger communities were also 
fully studied. Field surveys were 
started on the preferred routes, and 
alternate routes were extensively 
surveyed. As soon as such studies 
were completed for portions of the 
route, alignment and profiles were 
established and borings and other 
foundation explorations and soil in- 
vestigations started. Data were gath- 
ered to determine navigation and 
waterway clearances for bridges, and 
steps were taken to settle these clear- 
ances as fully as possible with fed- 
eral and state authorities so that 
initial bridge designs could be under- 
taken. Conferences began between 
the engineer principals to determine 
suitable standards for layout, design 
and estimating. Surveys were made 
as to the availability of construc- 
tion materials and contracting or- 
ganizations and the unit prices to 
be used in estimating costs. 
Eventually, the location was deter- 
mined throughout; lines and profiles 
were run; embankment, drainage 
and paving quantities were ascertained 
from this preliminary information; 
preliminary designs for bridge and 
other structural quantities were de- 
termined; and unit costs were ap- 
plied to produce a realistic estimate of 
all construction quantities and costs. 
An adequate contingency item was 
set up, and administrative, legal, and 
other similar costs were estimated. 
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Table I. Estimated Construction Costs 

















Cost of construction: 


Under contract (or commitments completed) 


To be contracted (or committed) . 
Cn. io & @ * « 
Repayment to New Jersey . 
Engineering + & «3 
Administrative and legal 
Allowance for contingencies . . 


Net interest from construction fund, and financing 


— ££ s+ se + & & 8 


a er 


ORIGINAL 
EsTIMATE 
aS AMENDED 
Fes. 17, 1950 


EstImMare oF 
June 28, 1951 


$189,939,014 

5,168,986 

17,672,000 

9,700,000 

. 14,751,000 
° A 1,625,000* 


° 16,315,000 
$220,000,000 


13,352,000 
$252,208,000 





* Includes financing costs other than interest and commitment fees. 









It was recognized that real estate 
costs would be very important and 
would greatly influence both the final 
location and the total project cost. 
A real estate department was set up 
by the Authority to study these 
matters with the engineers, and as 
soon as feasible, qualified local ap- 
praisers were put into the field to 
establish probable costs. Meanwhile 
attorneys were employed to investi- 
gate and solve the many legal prob- 
lems constantly arising. 

Late in August 1949 all the engi- 
neer principals were asked to meet 
with the traffic engineers and com- 
missioners to put the then preliminary 


TURNPIKE structures vary from monumental 
Hackensack River Bridge (below), with 375-ft 
plate-girder span, to simple stream crossing 
At Woodbridge (right), plate- 
girder railroad bridge seen at right, was erected 


(lower right). 


to one side and later pulled into position. 


figures together to see where we were 
going and what the result would be, 
and to coordinate the preparation of 


reports. In a short time all reports 
were put in final form, and in Sep- 
tember the cost and revenue reports, 
demonstrating the financial feasi- 
bility of the project, were issued. 


Korean War Upsets Original Cost Estimates 


One of the most enlightening, and 
sometimes chastening, experiences in 
any engineer's practice is that of 
learning how accurate and true his 
preliminary prophecies and estimates 
prove to be. We now know what 
happened to our 1949 reports on the 
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New Jersey Turnpike. The follow- 
ing, taken from our letter report to 
the Turnpike Authority dated Aug- 
ust 7, 1951, covers the increases in 
cost that had arisen: 

‘Due to a number of circumstances 
to be outlined in general here, there 
has been an increase in cost of con 
struction for the New Jersey Turn 
pike over that originally contem 
plated, and this statement is intended 
to present our opinions on the changes 
which have taken place and their ef 
fects on cost. There has been of 
course no major change in the basic 
conception of the Turnpike as origi 
nally planned and financed, and the 
Turnpike as being built is substan- 
tially that covered by our original 
Consolidated Report. 

“Our Consolidated Report of Sep- 
tember 1949 showed a total project 
cost of $230,000,000. Later, a plan 
of financing was developed by the 
Authority which resulted in the sale 
of the required revenue bonds directly 
to a number of insurance companies, 
savings banks, and other investment 
agencies, without the necessity of a 
general public sale. These bonds 
were sold on a ‘forward commitment 
basis, and substantial savings in 
interest and financing costs, to 
gether with a modest adjustment in 
the allowance for contingencies, per 
mitted the total estimated project 
cost and the issue of revenue bonds 
to be reduced to $220,000,000. 

“A comparison between the tabu 
lated project costs of February 1950 
and July 1951 is as follows: [see Table 
I in box, page 33] 

“In order to provide adequate 
funds for completion of the Turnpike 
with assurance, the Authority is re- 
questing approval of the issuance of a 
total of $255,000,000 revenue bonds. 
This would be an over-all increase in 
cost for the project in the amount of 
$35,000,000. There are five major 
reasons which account for this sub- 


stantial increase in over-all cost as 
follows: 
“1. The Korean War and the 


general world situation. 

“2. The enlarged requirements of 
the local communities, counties and 
state agencies which were affected 
by the Turnpike location and con 
struction. 

“3. The enlarged requirements of 
the railroads, power companies, and 
other utilities affected by the Turn- 
pike location and construction. 

“4. The wreck on the Pennsyl- 
vania Railroad at Woodbridge, N.]. 
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“5. Increased real estate costs. 

“At the time the Korean War be- 
gan in June 1950, bids had been re- 
ceived and contracts awarded for con- 
struction in the amount of $73,400,- 
000, which compared with the origi- 
nal estimate of cost of $76,900,000 
for those contracts. Up to that time 
more favorable than anticipated 
prices had been received on grading, 
drainage and foundation contracts, 
and there was every expectation that 
the total project cost as originally 
estimated would prove entirely ade- 
quate to care for all construction and 
other costs. Since the Korean War 
started, the low bids on all contracts 
awarded have totaled $96,600,000, 
in comparison with an original esti- 
mate of $64,200,000. The increased 
costs following the Korean trouble 
were reflected not only in the bid 
prices received from contractors but 
also in the engineers’ estimates of 
cost submitted just before bidding, 
these estimates being quite compar- 
able to the bids. A large part of the 
increase in construction cost has 
been related to steel structures, 
buildings and other facilities for 
servicing the Turnpike, and the con- 
struction of Turnpike paving. Com- 
petitive bids on alternate designs for 
pavement were received, and numer- 
ous adjustments in plans were made 
to secure a reduction in cost without 
lowering the standards of quality for 
the pavement, but the overrun in 
pavement costs alone proved to be in 
excess of $15,000,000 when awarded 
near the end of 1950. The increased 
costs, scarcity of materials, and the 
difficulties of construction which fol- 
lowed the outbreak of the Korean 
War were clearly beyond surmise at 
the time that this project was fi- 
nanced. The Authority policy of 
intensive design from the start and 
of awarding contracts early saved 
what might otherwise have been ap- 
preciable further increases. 

“In a number of cases the present 
and future requirements of local 
communities as a result of construc- 
tion of the Turnpike were more ex- 
tensive than contemplated originally. 
As a result of the request of some of 


these communities and the State 
Highway Department, numerous 
structures carrying existing roads 


over or under the Turnpike had to be 
widened and lengthened, and in 
several cases wholly new structures 
not previously contemplated had to 
be built. In two cases, in Elizabeth 
and in Newark, court actions were 
necessary to support the position 
of the Authority and to avoid even 
greater demands and costs than were 
met. It is estimated that the in- 





creased cost of these facilities was 
over those originally contemplated 
by approximately $5,000,000. 

“The State of New Jersey is so 
highly developed industrially and so 
built up that it was virtually impos- 
sible to know in advance all the re- 
quirements of the railroad companies, 
power companies, and other utility 
companies that were encountered. In 
several cases long-drawn-out discus- 
sions and conferences were neces- 
sary during development of final 
designs to determine the future needs 
of the utilities, particularly the rail- 
road companies, since these had 
given no serious thought to their 
future needs until the building of the 
Turnpike was upon them. The basic 
state legislation requires that all 
utility changes must be borne by the 
Authority. In order to meet the 
present and future needs of these rail- 
road and utility companies it became 
necessary to spend approximately 
$5,000,000 more than originally con- 
templated. 

“The wreck of a Pennsylvania Rail- 
road passenger train at Woodbridge, 
N.J., in the spring of 1951 took place 
at a point near the crossing of the 
railroad by the Turnpike. The pub- 
lic reaction to this wreck was of such 
character and the attitude of the 
railroad became such that substantial 
changes in Turnpike arrangements 
and construction procedure became 
advisable. The increased cost to the 
Turnpike as a result of this accident 
is something over $1,000,000, but the 
delays and complications resulting 
were even more burdensome. 

“The original estimate of cost for 
the acquisition of real estate for the 
Turnpike was $10,145,000. This es- 
timate had been prepared by experi 
enced appraisers who surveyed the 
entire route of the Turnpike and who 
established liberal cost estimates 
based on their experience and ac- 
quaintance with local conditions. 
The present estimate of real es- 
tate costs is approximately $7,500,000 
above that figure. This increase re 
flects the difficulty of public acquisi 
tion of land from private owners in 
areas of high development. 
ally this real estate was purchased 
in an advancing market, and the 
severance damages that developed 
were substantially in excess of ex 
pectations. The actual acquisition 
of real estate was in the hands of 
skilled and trustworthy negotiators, 
with all purchases reviewed care 
fully by the Authority members 
themselves. A large number of par 
cels, though small percentagewise, 
had to be acquired through con 
demnation proceedings due to in- 


January 1952 * CIVIL ENGINEERING 


Gener-. 





abil 
priv 
of | 
tiot 
Au 
this 
cou 
for 
tior 
can 
con 
its 
circ 
inte 





Tu 


NE 
stre 
of t 
Wa 
“Me 
ton 
has 
$25 
ing 
esti 
to 

like 
and 
deb 
The 
eco! 
By 


CIV 


5 Was 
lated 


is So 
nd so 
mpos 
ne re 
anies, 
itility 
1. In 
iscus 
1eces 
final 
needs 
- rail 
had 
their 
f the 
basic 
t all 
y the 
t the 
* rail 
came 
ately 
con 


Rail 
idge, 
place 
f the 
pub 
such 
the 
intial 
nents 
came 
» the 
ident 
t the 
Iting 


t for 
r the 
s es 
peri 
the 
who 
lates 
ac 
ions. 
es 
). 000 
pe re 
uisi 
Ss in 
ner-_ 
ased 
the 
yped 
ex 
ition 
s of 
tors, 
‘are 
bers 
par 
vise, 
con 
in 


ING 








ability to reach agreement with the 
private owners otherwise. In spite 
of the strongest and most conscien- 
tious endeavor on the part of the 
Authority and its representatives, 
this substantial increase in land cost 
could not be avoided. 

“It is our judgment that the need 
for increased funds for the comple- 
tion of the New Jersey Turnpike 
came from circumstances beyond the 
control of the Authority members or 
its officers and representatives. These 
circumstances were both national and 
international in scope. We consider 


the new project cost of $255,000,000 
to be adequate for the completion of 
this Turnpike, taking into account 
the fact that construction is in its 
final stages, very nearly according 
to schedule, and barring any unfavor- 
able major developments in the inter- 
national picture.”’ 


Many Civil Engineers Identified 
with Project 


The New Jersey Turnpike is a 
magnificent public undertaking. Its 
construction will affect the move- 
ments of many, many millions of 





Turnpikes must be economically justified 


Studies plus judgment 


establish economic feasibility 


NEW JERSEY’STURNPIKE, which 
stretches 118 miles from the vicinity 
of the western approach to the George 
Washington Bridge to the Delaware 


‘Memorial Bridge south of Wilming- 


ton, is about to be put to use. It 
has been financed by the issue of 
$255,000,000 of 35-year bonds bear- 
ing about 3'/, percent interest. The 
estimated revenue is barely enough 
to pay the interest in 1952 but is 
likely to double in the first 5 years 
and to be sufficient to extinguish the 
debt completely within 25 years. 
That in a nutshell is the test of the 
economic feasibility of this project. 
By economic feasibility is meant the 
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ability of a project to pay for itself. 
A toll turnpike becomes economi- 
cally feasible when an estimate of 
earnings indicates that it will pay 
maintenance and operating expenses 
(including insurance), interest on its 
debt, and enough over to extinguish 
the debt in 25 to 35 years. Estimates 
should indicate a margin of 20 to 
50 percent over these requirements 
to serve as a cushion. 

Sometimes the bond issue includes 
an initial reserve, in which case the 
cushion may be less. The reasons for 
a substantial margin for a construc- 
tion project are: First, the risk in- 
volved in the estimate of construction 


motorists in coming years. The ef 
fect of its building will be nation- 
wide rather than statewide. A very 
large number of civil engineers may 
claim honor and gratification for 
having been identified with its con- 
struction. In its planning and build- 
ing, we have performed a real service 
on behalf of our fellow men. Projects 
like the New Jersey Turnpike make 
us very proud to be called civil engi- 
neers, and we know that we will not 
lack respect and appreciation when 
we make possible such facilities for 
public use and benefit. 





GEORGE W. BURPEE 
Vice-President ASCE 


Partner, Coverdale & Colpitts 
Consulting Engineers 
New York, NLY. 





cost and the possibility of increase in 
the total indebtedness without any 
offsetting increase in revenue; and 
second, the possibility that the reve- 
nue estimates may not be realized 
Once a project is put into operation 
and its earning power demonstrated, 
the desired margin of earnings over 
bond service requirements becomes 
less. The rate of estimated growth 
of earnings has a very substantial 
effect on the feasibility of a toll turn- 
pike or any other type of project 
launched by a revenue bond issue. 
If the indicated rate of growth is 
substantial, as in the case of the New 
Jersey Turnpike, a project becomes 
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feasible even though the margin of 
earnings over requirements for the 
first vear or so is slight. 


Why Finance by Revenue Bonds? 


The primary reason for financing 
turnpikes by issuing revenue bonds 
is the lack of availability to states 
or municipalities of other sources of 
funds for the construction of express 
or limited-access highways, adequate 
for present-day needs. The credits 
of the states are fully used for normal 
highway and other public improve 
ments. Resort has been had, there 
fore, to financing on such a basis that 
the user pays for the facility in 
accordance with his use. 

Those who travel between New 
York and points south on Route | or 
130, in combination with other routes, 
know that the capacity of certain 
sections of these highways is prac 
tically exhausted. The capacity of 
Route 1 between New York and 
New Brunswick can be increased only 
at very great expense, and southwest 
of New Brunswick at somewhat less 
expense. Route 130 south of New 
Brunswick is already in part a four- 
lane dual highway, and its capacity 
can be increased without too great 
expense, but under present conditions 
there are times when it is badly 
congested. The function of the New 
Jersey Turnpike is to permit vehicles 
that can use it for all or any part of 
a trip to. enjoy the advantage of 
faster traveling time, less hazard and 
less congestion, thus relieving the 
existing highway system of much 
passenger-car and truck traffic. 

The vehicle for financing the New 
Jersey Turnpike, and in fact, most 
toll projects, is a bond issue secured 
solely by revenue. Such bonds are 
usually issued by an authority which 
is an agent for the state—1in this case 
the New Jersey Turnpike Authority. 
All revenue, other than that required 
for operation and maintenance, ac- 
crues to the credit of the bondholders 
either for current interest and amor- 
tization or for deposit in a reserve 
to be used for such specified pur- 
poses as will be in the bondholders’ 
interest. 

Interest on revenue bonds is tax 
exempt and for that reason there is a 
wide market for them, even though 
today the issues run into large sums 
of money. Purchasers of the major 
part of the large issues—in the order 
of 50, 100, 200 or 300 million dollars 

are the institutional buyers of 
which the life insurance companies 
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are typical. The interest rates car- 
ried by bonds on construction proj- 
ects today will range generally from 
3'/, to 3°/, percent. Even though 
these bonds are secured solely by 
revenue, the reputation of the issuing 
body is a factor in the coupon rate, 
since the bond buyer considers that 
the issuing body, or the state of 
which the issuing body is a creature, 
has a moral obligation toward the 
bondholder. 

Bonds on the New Jersey Turn- 
pike carry interest at the rate of ap- 
proximately 3'/, percent. The origi- 
nal issue was 220 million dollars and 
a supplementary issue, which was 
sold successfully in October 1951, 
was for 35 million. This is the largest 
issue ever put out for a toll highway. 
Rates of interest on going projects, 
such as the Triborough Bridge and 
Tunnel Authority and the San Fran- 
cisco—Oakland Bay Bridge, run as low 
as 2 and 1*/, percent. 


Steps in Determining Feasibility 


Steps required in estimating eco- 
nomic feasibility are: 


1. An estimate of vehicular traffic al- 
ready in existence from which the Turnpike 
will secure its patronage. This is the poten- 
tial traffic 

2. An evaluation of the advantages 
oftered by the Turnpike as compared with 
existing highways 

3. An estimate of the optimum toll rates 
to be charged on each section of the Turn- 


pike 





4. Anestimate of the number of vehicles, 
by type and class, that can be diverted from 
the existing highway system because of the 
advantages offered by the Turnpike and at 
the toll rates adopted 
5. An estimate of the new traveling that 
the Turnpike will induce or create 

6. A projection of traffic and earnings 
into future years. 


These steps were carried out in the 
studies for the New Jersey Turnpike, 
as will be described. They led to the 
conclusion that its construction was 
economically feasible. 


1. Potential Traffic Surveyed 


To find out how many vehicles 
now traveling routes which will be 
competitive with the Turnpike, might 
be diverted to it, origin and destina- 
tion surveys were made at twelve 
different stations which covered the 
competitive routes from the George 
Washington Bridge on the north 
to the Pennsville-New Castle Ferry 
on the south. Each survey covered 
a continuous five-day period, in- 
cluding Saturday, Sunday and three 
weekdays. The counts were made 
during June and July 1949; none 
during the weeks that included holl- 
days. Vehicles were stopped and the 
drivers questioned as to origin and 
destination of trip. For purposes of 
analysis the tributary area. was 
divided into zones related to the 
termini of the Turnpike and to each 
of the 16 intermediate interchange 
points. The boundaries of each zone 


OVERCROWDED highways necessitated construction of new north-south traffic artery 
across New Jersey. This extreme need was one factor in economic feasibility of Turnpike. 
New route will relieve overloading of existing highway net and save time and money for 
through traffic. 
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were so chosen that, in so far as 
practicable, every vehicle entering or 
leaving the zone would pass through 
a common intersection at which a 
choice of routes would be available 
to it, either the Turnpike or the com- 
petitive highway. 

At most of the survey stations it 
was possible, with the help of the 
state and local police and a sufficient 
number of interviewers, to question 
a large proportion of the drivers 
enough to secure a_ representative 
sample of traffic flow. At all stations 
a continuous hourly count of all 
vehicles, classified by type, was main- 
tained for the purpose of control and 
for comparison with records of the 
Highway Department's control sta- 
tions. The number of vehicles inter- 
viewed at each station as compared 
with the number passing, for each 
five-day period, is shown in Table I. 

In addition to these origin and 
destination counts, counts were made 
at two Raritan River Crossings, 
Edison Bridge and Victory Bridge, 
where the classification was by type 
of vehicle and by state and county 
of registration. At the Edison Bridge, 
226,390 vehicles were counted in the 
five-day period; at the Victory 
Bridge, 83,542. The purpose of these 
counts was to obtain additional in- 
formation as to the volume of traffic 
between the area north of the Raritan 
River and the New Jersey shore 
resorts, 

In addition to securing the informa- 
tion described above as to origin and 


TABLE |. PROPORTION OF PASSING 
VEHICLES, DRIVERS OF WHICH WERE 
INTERVIEWED 

NUMBER Per- 
INTER TOTAL CENT- 
LOCATION VIEWED VEHICLES AGE 
Cranbury 54,571 55.692 
Deans 55,748 57,530 
Pennsville Ferry 38,299 54 837 69.8 
Chester Ferry 23,117 29 483 78.4 
Ridgefield 68.279 118,217 57.7 
N.J. State 1 at 
Edgewater Rd 23 .872 75,234 31.7 
Lincoln Tunnel 53,188 58.970 90.2 


N.]J. State 3, east of 
eastbound entrance 


to Lincoln Tunnel 19,899 28 989 68.6 
Holland Tunnel 148,584 180 , 133 82.3 
Communipaw Ave 
(trucks only) 36,000 126,471 28.5 
Newark Turnpike 
at Schuyler Ave 13,306 41,282 32.2 
Newark Ave. to 
Pulaski Skyway 21,463 23,138 92.8 


556 , 326 849 976 65.5 
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destination, automobiles were classi- 
fied as to states of registration in 
four categories—New Jersey, New 
York, New England, and all other 


states. Trucks were classified as 
two-axle; three-axle single unit; and 
semitrailer. 


From an analysis of these field 
counts a determination was reached 
of the number of vehicles that could 
logically use any part of the Turn- 
pike. These constitute the potential 
traffic. The potential may be further 
analyzed by using the same data to 
determine the number to which the 
Turnpike offers such manifest ad- 
vantages as to insure their patronage. 
The purpose of the origin and destina- 
tion surveys is to determine the pat- 
tern of traffic flow and not to deter- 
mine directly the volume of traffic 
available (although it is useful for 
that purpose also). 

Results of the five-day counts had 
to be expanded to an annual basis. 
The expansion was effected for some 
stations by comparing the counts 
with those at the continuous daily 
recording stations maintained by the 
state. Such comparison made pos- 
sible the determination of the ratio 
of the five days’ traffic to the year’s 
traffic at each location. By courtesy 
of the Delaware-New Jersey Ferry 
Co. it was possible to relate the 
counts on the Pennsville Ferry to the 
annual traffic, and by courtesy of the 
Port of New York Authority, to do 
the same for the counts at the Lincoln 
and Holland tunnels and those near 
George Washington Bridge. The 
total volume of traffic flow on the 
competitive highway routes was 
known from the State Highway 
records; that on the Delaware River 
ferries, from the ferry company 
records; and that on the Port Au- 
thority’s Hudson River crossings, 
from the Authority's records. There- 
fore there was an excellent record of 
total volume of traffic for a long 
period of years in the past. The 
origin and destination survey fur- 
nished the data to break down these 
totals into the potential for the Turn- 
pike or for any of its 17 sections. 
The final analysis developed the 
movements over each of the 17 sec- 
tions from each zone to every other 
zone. 

It is of the utmost importance in 
making an origin and destination 
survey that the survey stations and 
the periods of the count be such as to 
furnish a representative pattern of 
traffic flow, and that the factors used 
to expand the figures for the period 
of the count to an annual basis be 
appropriate and applicable so as not 
to overstate the annual volume. 


2. Advantages of Turnpike Evaluated 


The second step was to evaluate the 
advantages offered by the Turnpike 
so that an intelligent estimate could 
be made of the number of potential 
vehicles that can be diverted to it 
at the adopted toll rate. These ad- 
vantages compared with those of the 
existing highway system are easier 
and safer driving, due to absence of 
congestion and elimination of delays 
at intersections. Specific advantages 
are savings in time or distance or 
both, or, particularly for trucks, 
reduction in expense. In the case of 
trucks, there is a substantial saving 
because the elimination of stop-and- 
go signals permits continuous travel 
from end to end of the route. 

To compare travel times and dis- 
tances, observations were made by 
riding over all the competitive routes 
from various parts of each zone, at 
different times of day, under varying 
conditions of congestion, in order to 
determine the average speed of travel 
on each section of the competing 
highway system as compared with 
the postulated time on the Turnpike. 
The estimated time saving over the 
full length of the Turnpike is 1 hour 
and 10 minutes for a passenger car 
and 1'/, hours for a truck. The 
saving in distance is 8 miles. The 
evaluation of these advantages is ex- 
pressed by a toll schedule. The toll 
rates should be commensurate with 
the benefits offered. There is no way 
these benefits can be precisely mea- 
sured for all the vehicles that will use 
any or all sections of the Turnpike. 

The savings in time and distance 
are not the same over all sections. 
South of the Raritan River the 
general highway system offers much 
greater competition than it does 
north of it. The greatest congestion 
and the greatest possibility of time 
saving occur north of New Bruns- 
wick. This situation has been recog- 
nized in the tentative toll schedule 
adopted. 


3. Toll Schedules Prepared 


A pattern for toll schedules has been 
more or less set by the Pennsylvania, 
Maine and New Hampshire turn- 
pikes. At least the results indicate 
what the user is willing to pay. The 
rates on the Pennsylvania Turnpike 
are about 1 cent a mile for passen- 
ger cars and varying rates for heavy 
trucks—3.75 to 6.25 cents per mile, 
depending on size. Considering the 
relatively low cost of the original sec- 
tion of the Pennsylvania Turnpike 
and the time when it went into opera- 
tion, these rates are adequate. The 
Maine Turnpike, however, has a toll 
schedule for passenger cars of ap- 
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proximately 1'/; cents a mile, and 
for heavy trucks of 2.26 to 3.38 
cents. The New Hampshire Turn- 
pike has a toll rate for passenger cars 
of 1 cent a mile. This low rate is 
due to the fact that the bonds are 
general obligations of the state and 
their service is not limited to toll re 
ceipts. Toll receipts to date, how 
ever, have proved more than suffi 
cient to meet the debt service. 

The initial toll rates proposed for 
the New Jersey Turnpike for pas 
senger cars are slightly more than | 
cent a mile for the 83 miles at the 
south end, between the Delaware 
Memorial Bridge and New Bruns- 
wick, and slightly less than 3'/, cents 
a mile on the northern 35 miles be 
tween New Brunswick and the George 
Washington Bridge. The rate for the 
full length of the Turnpike for pas 
senger cars of $1.75 is equivalent to 
approximately 1'/, cents per mile. 
The rate for a semitrailer traveling 
the full length is $4.50, equivalent to 
3.8 cents a mile overall. This 
semitrailer rate varies from 2.8 cents 
a mile on the southern end to ap- 
proximately 8'/, cents on the north- 
ern end. The benefits in relief from 
congestion and time saving are sub- 
stantially greater on the northern 
end, as any driver of a vehicle in 
this area well knows. 


4. Diversions to Turnpike Determined 


The fourth step is to determine the 
percentage of potential vehicles in 
each zone-to-zone movement that can 
be attracted to the Turnpike. 

There is no way in which the Turn- 
pike’s advantages in convenience and 
ease of driving can be evaluated with 
any degree of precision and their 
effects expressed by means of a 
formula. Distance saving and time 
saving are more readily evaluated. 
Our experience indicates that time 
saving, unless the distance saved is 
very substantial, is the best general 
index to the ability of a toll facility 
to attract traffic to itself. Time 
saving is largely made possible by 
absence of congestion and easier 
driving, and therefore greater speed. 

It is seldom possible after a toll 
facility has been built to test the 
estimates by more than over-all re- 
sults. In two specific instances, 
however, where such tests were made, 
estimates of diversions based on time 
saving proved to be accurate within 
1 or 2 percent, a degree of precision 
hardly to be expected. For these 
reasons, the estimates of diversions 
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on the New Jersey Turnpike were 
based primarily on time saving, 
giving due recognition to the saving 
in distance and to greater ease of 
driving. No formula was used, but a 
general pattern was followed to insure 
consistency of treatment. In_ this 
process there is no substitute for 
experience and judgment. 

In estimating diversions, a dis- 
tinction was made between vehicles 
registered in New Jersey, those 
registered in New York, and those 
registered in other more distant 
states. The lowest rate of diversions 
was applied to New Jersey cars, the 
highest rate to those from more dis- 
tant states, and the intermediate rate 
to New York cars. For potential 
vehicles that could use the entire 
length of the route, it was assumed 
that at a toll rate of $1.75, 75 per- 
cent of the cars from states other 
than New York and New Jersey 
would use the Turnpike; and that 
70 percent of New York cars and 65 
percent of New Jersey cars would do 
so. Drivers of New Jersey cars are 
assumed to be familiar with the New 
Jersey highway system, and there- 
fore able to make better time over 
these highways than drivers from 
other states. 

For a 35-mile section of the Turn- 
pike between New York and New 
Brunswick, at a toll of $1.00, the 
diversions were taken at 70, 65 and 
60 percent, respectively. The time 
saved is only 28 minutes, but this 
section is more congested by far 
than that south of New Brunswick. 

On the most congested section of 
the highways, between Raymond 
Boulevard (Newark-—Jersey City) and 
the northern terminus of the Turn- 
pike, a distance of 10 miles, although 
the time saving was only 15 minutes, 
the percentages of diversions used 
were 63, 59 and 54 percent, respec- 
tively, with a toll of 40 cents 

On the 85-mile section between 
New Brunswick and Deepwater, with 
an indicated time saving of 36 min- 
utes, the estimated percentages of 
diversions were 62, 58 and 53 per- 
cent, respectively, with a toll over 
this section of 90 cents. This reflects 
the ability of the competing high- 
ways in the southern area to accom- 
modate traffic more readily than 
those north of New Brunswick. 

A recent study of the Maine Turn- 
pike showed that, for the period of 
observation, 90 percent of the foreign 
cars and 82 percent of the Maine 
cars that were potential to it for its 
full length made use of it at a toll 
rate of approximately 1'/; cents a 
mile. However, only 60 percent of 
the potential trucks used it. 


In considering the ability of the 
New Jersey Turnpike to divert traffic, 
the possibility of future improve- 
ments of competing highways be- 
comes an important factor and due 
allowance must be made for such 
contingencies. 


5. Induced Traffic Estimated 


It is a common experience, and in 
fact one that goes back to the early 
days of transportation, that any new 
transportation facility creates a cer- 
tain part of its own traffic. Experi- 
ence with highways today follows 
the experience of railroads 75 to 100 
years ago. The fifth step, therefore, 
is to estimate the volume of this 
induced traffic. There is no way in 
which such newly created traffic can 
be measured precisely although there 
are many analogies, more relating to 
bridges than to turnpikes, which 
throw some light on the subject. 
The Pennsylvania Turnpike came 
into operation at a time when it was 
not possible, because of wartime 
economy and gasoline restrictions, to 
differentiate between induced traffic 
and diverted traffic. The Maine 
Turnpike, based on recent counts, 
created additional traffic somewhere 
in the range of 20 to 40 percent of 
that obtained by diversion. Suf- 
ficient -ounts have not been made on 
the competing highways to furnish a 
conclusive figure. 

Experience on the Philadelphia- 
Camden Bridge was that, following 
its construction, the total cross-river 
traffic on both the bridge and the 
ferries was 74 percent more than the 
ferries would have carried had no 
bridge been built. Similarly, the 
Holland Tunnel increased the total 
number of Hudson River crossings, 
including those by ferry, within a mile 
on each side of the tunnel, by 88 
percent; and the George Washing- 
ton Bridge did the same by 65 per- 
cent. 

For the New Jersey Turnpike, the 
induced traffic was taken at 30 per- 
cent of the diverted traffic spread 
over a five-year period. 

In estimating the volume ef in- 
duced traffic, it is essential to give 
the greatest weight to the lower rather 
than the higher limits of the range, 
because this part of the traffic is so 
large in relation to the whole, and 
errors can have serious consequences 
to the financial stability of the proj- 
ect. 


6. Future Growth Projected 


The sixth step was to estimate as 
well as might be the future rate of 
growth and to project the volume of 
traffic and revenue over a long term 
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in the future. The data which form 
the basis for such a projection include 
automobile registrations, gasoline 
consumption, past rates of growth on 
New Jersey highways and on the 
Pennsville-New Castle Ferry, the 
Chester Ferry, the Philadelphia—~Cam- 
den Bridge, the Holland and Lincoln 
tunnels, and the George Washington 
Bridge. A study of the growth of 
traffic on these facilities indicates a 
very high rate of increase, with no 
present indication that the rate is 
diminishing, even though the Hudson 
River crossings between New Jersey 
and New York are now so congested 
as to discourage their use. 

Over the period 1925 to 1950, in- 
clusive, the annual increases in motor 
vehicle registrations have been as 
follows: in the United States, 3.6 
percent; in New Jersey, 4.0 per- 
cent; and in New York, 3.3 percent. 
The annual rate of increase in motor- 
fuel consumption over the same 
period, which is the best single index 
of the use of motor vehicles, is as 
follows: in the United States, 5.8 
percent; in New Jersey, 5.5 per- 
cent; and in New York, 4.5 per- 
cent. There is no present indication 
of a change in this average rate of 
growth. : 

Over a long period, 1931 to 1949 
inclusive, the number of vehicles 
carried by the Pennsville-New Castle 
Ferry increased at the rate of 9.35 
percent per year; over the shorter 
period, 1941 to 1949, inclusive, at 
6.29 percent per year. The long- 
term rate of increase on the combined 
Philadelphia-Camden, Tacony—Pal- 
myra and Burlington—Bristol bridges, 
from 1930 to 1949, was 3.5 percent; 
from 1941 through 1949, 4.6 percent 
per year. The increase on the Hol- 
land Tunnel, Lincoln Tunnel and 
George Washington Bridge from 1932 
through 1949 was 6.24 percent per 
year; from 1941 to 1949, inclusive, 
6.64 percent. The annual rates of 
increase following the elimination of 
gasoline rationing in August 1945 
have been much greater than these 
long-term rates. 

In considering the long-term fu 
ture, consideration was given to the 
plans of various states for new high- 
way construction, particularly com- 
pletion of the Chesapeake Bay Bridge 
and the gradual improvement of 
highways connecting with it which 
will improve conditions of travel 
between Washington and the north; 
extension of the Pennsylvania Turn- 
pike to the Delaware River; com- 
pletion of the New York Interstate 
Parkway from Route 6 in Palisades 
Interstate Park in a northerly direc- 
tion; completion of Route 4 Parkway 
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DELAWARE Memo- 
rial Bridge, opened 
in August 1951, 
furnishes adequate 
facilities at southern 
terminus of New Jer- 
sey Turnpike for mo- 
torists wishing to con- 
tinue southward a- 
cross Delaware River. 


in New Jersey, now under construc- 
tion; construction of the New York 
Thruway; the continuous improve- 
ment of the Wilbur Cross Parkway in 
Connecticut; and proposed construc- 
tion of the Massachusetts Expressway 
connecting the Wilbur Cross Parkway 
with New Hampshire and New 
England. 

The recent completion of the 
Delaware Memorial Bridge at Deep- 
water will furnish an adequate con- 
nection at the southerly terminus of 
the Turnpike. Unfortunately, the 
facilities for crossing the Hudson at 
the northern terminus are even now 
congested and will not furnish an 
adequate connection between the 
Turnpike and routes to the east 
until additional crossing facilities 
are provided. 

In view of all these facts, the an- 
nual rate of increase through 1956 
was taken at 6.0 percent per year, 
and following 1956 the rate was taken 
as an arithmetical progression—that 
is, 7 percent in 1957, 8 percent in 
1958, ete. The induced traffic was 
added to this increase at the rate of 
6.0 percent in 1952; 9.0 percent for 
each of the years 1953 and 1954; 
1.0 percent in 1955; and 2.0 percent 
in 1956, by which time it was be 
lieved that the effects of the new 
facility in creating new traffic would 
be fully realized. 

Every step in the process of making 
traffic estimates requires the making 
of assumptions. Most of these as 
sumptions are subject to check by 
comparison with the results of other 





facilities which, in one respect or 


another, are analogous. Considering 
the amount of money that is to be 
borrowed on the security of the esti- 
mated revenues, it is essential that 
the assumptions made be on the con- 
servative side. 

Gross revenues from tolls are, of 
course, the results of applying to each 
interchange-to-interchange move- 
ment the appropriate tolls and 
deducting from the grand total the 
estimated maintenance and operating 
expenses (including insurance). The 
result is the net operating revenue. 
To this must be added the non- 
operating revenue. 

Non-operating revenue results pri- 
marily from sales of gasoline and 
automobile accessories at the various 
service stations, and rents from con- 
cessions for restaurants. The Turn- 
pike Authority has provided its 
own facilities and has leased them to 
concessionaires for operation. 

The sum of net operating and non- 
operating revenues is the amount 
available for paying the interest and 
amortization charges on the bonds. 
In connection with this study of 
economic feasibility, it is of great 
interest that the estimates of income 
from the New Jersey Turnpike indi- 
cate that it will barely earn its in- 
terest in 1952, but that it will grow 
rapidly thereafter and will extinguish 
its debt in a period of about 25 years. 
It is because of its location, and the 
obviously tremendous volume of po- 
tential traffic, that the Turnpike has 
proved to be economically feasible. 
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NEW JERSEY TURNPIKE 


GENERAL DESIGN CRITERIA for the New Jersey 
Turnpike are here presented. The article also tells 
how the various construction contracts were sched- 
uled so that the work would go forward in logical 
sequence to permit simultaneous completion of the 


various sections on a predetermined date. 


Some of 


CHARLES M. NOBLE, M. ASCE 


Chief Engineer, New Jersey Turnpike Authority, Trenton, N.J. 


Standardized design and careful scheduling 


DESIGNERS of modern express 
highways recognize the necessity of 
anticipating future developments in 
vehicle design and the desires and re- 
quirements of motorists, in view of 
the long life of highway materials and 
the extremely high capital cost of such 
routes. This is particularly true of 
toll highways when financed by long- 
term revenue bonds—the New Jersey 
Turnpike Authority bonds run for 35 
years—since the financial success of 
the project is dependent upon en- 
thusiastic public acceptance. The 
Turnpike must offer the motorist and 
the trucker facilities sufficiently su- 
perior to induce them to pay a 
fee for their use. Vehicular safety, 
sustained uniform speed, freedom 
from delays, ease and economy of 
vehicular operation, and relief from 
traffic congestion are paramount 
considerations. 

Revenue-bond projects require that 
design and construction proceed as 
expeditiously as possible because 
interest must be paid during con- 
struction, and earnings must start at 
the earliest feasible date. The var- 
ious elements must be put under 
contract in proper sequence to avoid 
paying unnecessary interest on any 
of them in advance of the date 
needed, and to assure that the en- 
tire project will be completed in all 
its component parts and ready for 
traffic on the scheduled date. Con- 
sequently an important function in 
planning the Turnpike was the care- 
ful selection of the scope of each con- 
tract and the scheduling for it of 
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design, specifications, contract draw- 
ings, dates of advertising for bids 
and the construction period. 

First it was necessary to conduct 
preliminary engineering studies lead- 
ing to reports for the purpose of 
determining the financial, traffic and 
construction feasibility of the proj- 
ect. Determination of the general 
route and establishment of a cost esti- 
mate were important parts of this 
study. Also, to make the report 
realistic, it was necessary at the 
start to establish general geometric 
standards which would be feasible 
and fit the characteristics of the coun- 
try to be traversed. 

It was determined that the Turn- 
pike should be a_ controlled-access 
express highway, which was defined 
as having all highway and railway 
grades separated, traffic in opposite 
directions divided by a safety mall, 
no left turns, specially designed 
traffic interchanges at reasonably 
long distances apart for entrance and 
exit of vehicles based on the right- 
turn principle, wide stabilized shoul- 
ders, moderate grades, and wide 
traffic lanes—all to be constructed ona 
wide right-of-way, with no access or 
frontage rights allowed to contiguous 
property. 

These conclusions resulted in the 
following general geometric standards: 


Design speed, for the southerly 85 
miles below the Raritan River, 75 
mph; for the northerly portion, 
60 and 70 mph 

Maximum grade, 3 percent 


Median width, 26 ft for southerly 85 
miles, 20 ft for the remainder, in 
cluding inner shoulders 

Shoulders, outside, 16 ft, of which 10 ft 
would be stabilized; inside, 5 ft 
stabilized 

Pavement lanes, 12 ft wide 

Horizontal curves, minimum radius, 
3,000 ft 

Vertical clearance, 15 ft 

Non-passing sight distance, to conform 
with design speed 

Right-of-way width, 300 ft south of 
the Raritan River and 250 ft north 
ot it 


Studies for the preliminary report 
confirmed the feasibility of these 
geometric standards. Accordingly 
they were adopted for the construc- 
tion phase. They are more fully set 
forth in the next following article. 
Actually, no horizontal curvature of 
less than 10,000-ft radius was used, 
and no long grades exceed 2 percent 
in the 100 miles from the toll booths 
at the Delaware River to Elizabeth, 


N.J. South of the Raritan River, . 


topography is favorable and gener- 
ally in farm land except for the 
Camden area. Horizontal curvature 
ranged up toa radius of 180,000 ft in 
order to obtain sufficient length. 
Excessively long tangents were not 
sought, as it was felt they would make 
driving monotonous. 

North of the Raritan River the 
route traverses a heavily devel- 
oped residential-industrial region with 
many cross streets, railways and ex- 
tensive railway yards. In spite of 


January 1952 * CIVIL ENGINEERING 








ae test ah test a2 aft 


an en ae ee ee ee ee ee ee ae 


2Tsey 

tells 
sthed- 
gical 
| the 
1e of 








the construction problems encountered are also dis- 
cussed. The article is followed by four statements 

(1) geometric design standards for 
(2) design specifications for Turnpike 
bridges; (3) design specifications for railway bridges; 
and (4) design standards for Turnpike storm-drainage 


listing in detail: 
the Turnpike; 


structures. 


BORDENTOWN.-TRENTON _inter- 
change typifies up-to-the-minute safe 


highway design. 


ation in designing Turnpike was given 
to vehicular safety, sustained uniform 
speed, freedom from delays, and ease 
and economy of vehicular operation. 


speed construction 



















Paramount consider- 
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-n these difficulties, long 3 percent grades bridges which were on horizontal as_ formity and economy. One feature 
were confined to the major river cross- _ well as vertical curves, and a series of was the standardization of beam 
10 ft ings over the Passaic and Hackensack, compound curves closely following spacing so that roadway deck forms 
5 ft and it was necessary to use the mini- the locus of a true spiral were utilizel would be interchangeable for economy 
mum radius—3,000 ft—at two loca- for the transitions. Typical cross in construction. The general design 
tionsonly. Theremaining horizontal _ sections of the six-lane portion of the _ policy forbridges is outlined in detail in 
dius curves range from 3,600 up to38,000ft. Turnpike are shown in Fig. 1. Inthe the second and third articles following. 
A total of 68 horizontal curves occur initial construction, now completed, Similarly, the design policy for 
on the entire 118 miles of the Turn- the Turnpike is composed of 96 miles drainage structures is set forth in 
—— pike. It was necessary to reduce of four-lane road and 22 miles of six- the fourth article following. In ad- 
the design speed to 60 mph at only lane road. dition to the provisions for surface 
bof two locations. The restriction at Because a large number of bridges drainage, many thousands of feet 
an these locations was due to the vertical were involved and because designs of porous concrete pipe were laid to 
sight distance over major bridges, for them were to be prepared by control ground water. 
where physical problems were diffi- eight engineering firms, a general It was anticipated that, by mid- 
ort cult and costs excessive. Curves were design policy was established for these November 1951, interest charges on 
hese spiraled at locations where there were structures to assure reasonable uni- bonds issued for the construction of 
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TABLE |. MAJOR CONTRACTORS, WITH TYPE AND TABLE Ii. PRINCIPAL TURNPIKE 
AMOUNT OF WORK AWARDED QUANTITIES 
CONTRACTOR SECTION Type or Work CONTRACT Earthwork 51,800,000 cu yd 
Prick Concrete in structures 530,000 cu yd 
1 Grading, drainage and 26 struc Steel and iron 191. 200 tons 
cures 5,530,022 “ya in f 
S | Groves & l 3 structures and grading inter Curbing 211,000 lin ft 
, ane On , change at Deepwater 1,214,496 Sidewalk ’ 42,000 sq yd 
I Paving 6.276 ,089 Drainage inlets and manholes 6,500 each 
, Grading and topsoil 402,780 pt 
; Sanlins 6.330.543 Bearing piles 1,884,000 - ft 
Drainage pipe 161 miles 
rotal $19,753 ,930 Vertical sand drains 5,390,000 lin ft 
Sent Conmtens 2 Grading and drainage 3.633 938 - Top soil and seeding 11,000,000 sq yd 
ties Co 2 15 structures 2,351, 862 Paving, including cross roads 4,430,000 sq yd 
2 Paving 5,409,111 Guard rail 391,000 lin ft 
otal $11.394 911 Improved shoulders 2,400,000 sq yd 
; Grading and drainag« 3,871,003 
; 14 structures 1,819,535 
; 6 structures 1,705 ,785 
3 Paving 5, 886.788 
4 Paving 7,406,438 
‘ | structure 66.459 
Gee WM. Beeecte 7 Grading and drainage l 900 283 
® Sen. fae 7 Grading and drainage 2 307 .056 
. 7 Grading and drainage 5 680,143 
7 Paving 3.411 852 
6 Pasesic River Bridge approach TABLE Ill. CONTRACTS SUMMARIZED 
piers 4.142805 
7 Bellman’s and Paunpeck Creek Grading and drainage $ 49,321,542 
bridges 838 .973 p os aan © 
. Bridge at Sta. 64¢ 177802 Major structures 25,587,711 
Other structures 55,570,497 
Fotal. .... . $39,514,922 Paving 10,363,410 
ings ¢ . Pessions 
Construction Ag 6.7 Grading and drainag 5.969 367 Buildings and concession 8,998 ,000 
gregates Corp Grading and drainag« 6,916 698 Relocation and reconstruction of 
Peter Kiewit utilities 8,018,000 
re ‘ ! $12. 886 a 7" 
& Sons’ Co Tota $12, 886 .06 Toll booths and collection equip 
Bethlehem Stee! f Passaic River Bridge super ment 1,341,000 
Co structure $ 7,137 ,080 Miscellaneous 6,140,840 
American  Bridu« 7 Hackensack River Bridge 
Co superstructure $ 5,354,289 rotal $195,341 000 
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the Turnpike and toll earnings would 
total $48,000 per day. The fact that 
such large sums were involved was 
an incentive to rapid progress and 
dominated planning and scheduling. 


Special Consultants to 
Turnpike Authority 


Architectural Consultant 
Fellheimer & Wagner 
Frank Grad & Sons 


Special Consultant 

Gordon Lorimer, Architectural Consultant 
to Consulting Engineer 

Edward C. Mehm, Lighting 

Dr. Paul Godley, Radio and Communica 
tions 

A. H. Benedict, Pavement 

Stewart Associates, Inc 

Michael M. Burris, Landscaping 

Dr. Gilbert M. Ahlgren, succeeded by Dr 
Ralph E. Engel, Topsoiling and Seeding 

Ralph Fisher, Highway Design 

Marvin A. Riley, Jr., Contractor Prequali 
fications 

James Driscoll, Liaison Representative with 
State Highway Department, Northern 
Sections 

Norman Rigor, Liaison Representative with 

| State Highway Department, Southern 
| Sections 


Bituminou 
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The preliminary reports indicating 
the feasibility of the project were 
completed on September 15, 1949. 
By September 22, eight firms of con- 
sulting engineers had been selected 
and directed to proceed immediately 
with field surveys, selection of de- 
tailed alignment, right-of-way maps, 
borings, final design, and complete 
contract construction plans. The 
first construction contract was sched- 
uled for advertisement by mid- 
November 1949. 

It was considered that the work 
could be accomplished in two working 
seasons, with grading and bridge 
foundations in the first, and paving and 
superstructures in the second. Such 
a program required that plans and 
construction proceed simultaneously 
throughout the entire length of 
the Turnpike. 

First consideration was given to 
grading contracts, particularly in 
sections underlain by deep mud, 
and to substructures for major bridges. 
The rest of the program was 
scheduled in proper sequence allowing 
for the necessary construction period 


so that the work could be completed 
in time for .succeeding operations, 
culminating in simultaneous com- 
pletion in November 1951. Major 
contracts were arranged on the basis 
of not less than a million dollars each, 
the plans and specifications permit- 
ting larger contractors to bid the sum 
of several projects as a single bid. 
The principal contractors and the 
nature of the work awarded to them 
are given in Table I. A total of 80 
major contracts have been awarded, 
of which 55 were for over a million 
dollars each. Table II gives the 
principal quantities involved in build- 
ing the Turnpike, and Table III 
summarizes the contracts by type 
of work. 

Scheduling of the major highway 
contracts is shown in Fig. 2, and 
Fig. 3 indicates the accumulated 
total dollar volume of construction 
contracts awarded. 

Such a program required the ut- 
most in contractor cooperation since 
several contractors often had to 
occupy the same area in order to 
push different phases of the work 
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Grading and drainage 
Structures: South portion 
2 Central portion 

North portion 
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Grading and drainage, south portion 
Substructure, Raritan River 
Structures: South portion 

Central portion 


Structures, Rahway River and north portion 
Superstructure, Raritan River 
Paving: South portion 

North portion 


5 interchanges at Garden State Parkway and Woodbridge, the Amboys 






































Grading and drainage: Morses Creek to Elizabeth city line 
Elizabeth city line to Third Ave 
Third Ave. to Trumbull St. 
Trumbull St. to Port St 

6and7 Port St. to Passaic River 

Passaic River to Hackensack River 

South of Route 3 to north of Route 3 
North of Route 3 to Route 6 

Paving 


Hackensack River to south of Route 3 



































Substructure, Passaic River 
Superstructure: Steelwork only. Passaic River 
Concrete deck only, Passaic River 
Morses Creek and Railroad Ave 
B. & O. RR to Elizabeth interchange 
= Ave. to Humboldt Ave 

Ave. to Raymond Blvd 


Svbstructures 


All bridge railings 


| 
| 

——. Steelwork only, Morses Creek to Raymond Bivd. | 
Concrete deck only, Morses Creek to Raymond Bivd | 















































Substructure, Hackensack River 

Superstructure: Steelwork only, Hackensack River 
rete deck only, Hackensack River 

Belleville Turnpike, D., L. & W. R' 

Secaucus Road and Secaucus interchange 

Paunpeck Creek, Belimans Creek and N. Y., S. & W. RR 

Overpeck Creek and Route 6 





R and Erie RR, county road 
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FIG. 2. GRADING AND DRAINAGE, construction of structures, 
were carefully scheduled to save interest on construction money and to complete work on time. 


on a rapid schedule, employing many 
pieces of large, fast equipment. It 
is a tribute to the American con- 
tractor that the work went forward 
so effectively and in such a fine cooper- 
ative spirit. 

The most serious and unexpected 
construction problem was the Korean 
War. It caught the Turnpike at the 
beginning of its first construction 
season, and aside from the resulting 
increase in cost, has presented the 
most formidable obstacle to rapid 
prosecution of the work. At times 
it appeared that these obstacles 
would be insurmountable. If the 
original schedules had not been set 
up on the basis of an early start, 
and allowance made for some leeway 
in construction time, the program 
would have been much more seriously 
affected. 

To meet the war situation, the 
Authority set up an expediting staff, 
and each section engineer, in turn, 
established his own expediting staff, 
all to supplement the expediting 
efforts of the contractors. It has 
required the utmost effort of the 
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material suppliers, the contractors, 
the section engineers, and the Author 
ity to achieve the final result. 

In addition to the war, a number 
of natural obstacles were encoun- 
tered, as for example, in the City 
of Elizabeth, where some 300 families 
had to be displaced from old low-rent 
housing and where it was impossible 
to find low-rent vacancies. This 
situation resulted in delay in obtain- 
ing access to the site and telescoped 
construction into a very short period. 

The areas of deep mud found 
throughout the project, but partic- 
ularly in northern New Jersey, on 
which heavy fills and structures had 
to be placed, constituted a threat to 
completion on schedule because of 
the time required for stabilization. 
The methods employed to assure 
rapid stabilization, described in the 
article by Messrs. Porter and Ur- 
quhart, were successful and con- 
tributed substantially to prompt com- 
pletion of the Turnpike. 

The Turnpike crosses 45 railway 
lines which required grade separation 
structures. Many of these railway 


and laying of asphalt paving 


facilities consist of extensive yards 
calling for viaducts up to 3,000 ft 
long, and a_ considerable number | 
of the lines are electrified with 220 ,000 
volt transmission wires and cat- 
enaries. Because of heavy, frequent, 
and fast railway traffic, contractors 
were required to conform with rigid 
rules and regulations which, in many 
instances, restricted the working time 
to a few hours in each 24. In one 
case. raising of steel above tracks and 
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FIG. 3. CONTRACTS awarded for Turn- 
pike construction in 21 months totaled 
nearly 190 million dollars. 
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electric feeders was restricted to a 
few hours on a weekend when the 
current could be shut off and all 
rail traffic suspended. These re- 
strictions required careful planning, 
but did not seriously affect progress 
on the Turnpike. 

At Woodbridge, where the Turn- 
pike passes under the Woodbridge 
and Perth Amboy Railroad, construc- 
tion was planned on the basis of 
utilizing bypass tracks so that the 
bridge could be constructed independ- 
ently of rail traffic. Shortly after 
the bypass was put in service, the 


NEW JERSEY TURNPIKE 


disastrous Woodbridge wreck oc- 
curred. Although the Public Utility 
Commission in its report on the wreck 
completely exonerated the Turnpike 
Authority of any blame, public 
opinion made it evident that it would 
not be advisable to put the bypass 
tracks into service again. It there- 
fore became necessary to modify the 
entire method of operation, and to 
utilize a plan of underpinning the 
track under rail traffic, excavating 
beneath, building substructures, and 


rolling the pre-erected spans into 
place over a weekend when rail 
traffic could be suspended. Work 


went forward on an around-the-clock 
basis to such good effect that it did not 
delay the opening of the Turnpike. 





So many organizations and persons 
have contributed to the successful 
Turnpike program that it is difficult 
to list them individually. The writer 
desires, however, to express grati- 
tude and great appreciation for the 
outstanding contributions of Alfred 
E. Driscoll, Governor of New Jersey, 
the Commissioners of the Turnpike 
Authority, the staff, the general 
consultants, the section engineers, 
the contractors, material men, labor, 
local and state officials, and the New 
Jersey State Highway Department. 
Those who participated in the project 
are keenly aware that its success 
was made possible by the outstanding 
caliber, sincerity and enthusiasm of 
the three Turnpike Commissioners. 





Geometric design standards for Turnpike 


THE FOLLOWING standards were the 
minimum Higher standards were used 


whenever feasible but the design speed was 
adhered to. At junction areas, where there 
is a change in design speed, a gradual adjust 
ment in design standards was made by using 
a straight-line variation in the standards 

I. Design speed on main roadways was 
75 mph between Deepwater and Bonham 
town, and 70 mph between Bonhamtown 
and the George Washington Bridge, except 
where the sight distance was restricted at 
ithe Passaic and Hackensack River bridges, 
yhere 60 miles per hour was used to realize 
an appreciable cost saving 

Design speeds on ramps are shown in the 
able under Item VIII 

Il. Alignment on main roadways was 
given the flattest possible curvature 
10,000-ft radius or greater when feasible 

At 75 mph, the minimum radius is 5,000 
t; at 70 mph, 3,000 ft; and at 60 mph, 
8,000 ft 

The minimum length of curve, including 
ransitions, is 600 ft Between reversed 
urves, in rural areas, the minimum distance 

1,000 ft; in urban areas, 800 ft 

Between curves in the same direction the 

inimum distance is 2,500 ft when the tan- 
ent and part of both curves can be seen by 
ihe driver. Curves in the same direction, 
ith an intervening tangent less than 2,500 

long, are connected with a flat curve unless 
o part of the far eurve is visible to the driver 
hile he is still on the near curve. 

Approaches to exit ramps from the main 
badway are ‘“‘spiraled’’ to a minimum 
adius of 200 ft. Minimum distance be- 
ween reversed curves on ramps was de- 
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signed to include runout distance for super- 
elevation of both curves. 

Ill. Grades. Profile 
made at least 1,000 ft long. 

Maximum grades on main roadways are 3 
percent; on ramps upgrade,7 percent; and 
on ramps downgrade, 5 percent. 

The desired minimum grade was set at 
0.5 percent. In flat country, where it was 
difficult to obtain 0.5 percent minimum 
grade, longitudinal drainage was provided 
by varying the depth of the “‘swale’’ ditches 
on the outside and by warping the cross 
slope of the inside shoulder. Velocity of 
water in side ditches was restricted to 2.5 
fps or less. Ditch grades were held as low 
as 0.2 percent, depending on hydraulic con- 
ditions to keep velocity below 2.5 fps. 
Minimum cross slope of inner shoulder was 
'/, in.:12 in.; and maximum cross slope, 
’/, in.:12 in. Ample inlets and pipe drain- 
age were utilized in median strips to assure 
freedom from flooding 

IV. Vertical curves. Minimum length 
of vertical curves on main roadways is 600 
ft, except as follows: 

When the algebraic difference in grades is 
l'/s percent, the vertical curve is 500 ft 
long; and when the algebraic difference is 
1 percent, the curve is 400 ft long. 

Where gutter drainage is difficult, shoul- 
ders are warped as noted under Item III 
(minimum grades). 

Where two opposite-direction grades meet 
and the distance between vertical curves is 
600 ft or less, or the entire length of vertical 
curve and 600 ft of both tangents cannot be 
seen by a driver, the minimum length of the 
curve, in stations, is equal to twice the alge- 
braic difference in grades, in percent. 


tangents were 


V. Superelevation of roadway. Table 
below gives standards. 

SupPER- Super- 
RADIUS ELEVATION Rapius ELEVATION, 
In Fr % In Fr % 
3,000 3.0 4,500 1.8 
3,200 3.0 5,000 1.5 
3,400 2.8 5.500 1.3 
3,500 2.8 6,000 1.2 
3,600 2.6 6,500 1.0 
3,800 2.4 7,000 to 10,000 1.0 
4,000 2.2 Over 10,000 None 


Ramps are designed for a maximum super- 
elevation of 8 percent except for upgrade on- 
bound ramps, which are 6 percent. Mini- 
mum superelevation on a 500-ft-radius curve 
or sharper, is 5 percent. The rate of change 
of cross slope does not exceed 2 percent per 
second of time for the design speed. Changes 
in transverse grades are held below 2 percent 
per lane. 

VI. Transition curves on main roadways 
are provided as follows: 

Where the radius is between 3,000 and 
3,200 ft, the minimum length of transition 
curve is 250 ft; between 3,200 and 3,500 ft, 
200 ft; and over 3,500 ft, none. 

On ramps, transition curves are omitted 
except for deceleration-lane turnouts, and 
for high-speed. direct-connection inter- 
changes, where main roadway standards 
were applied. 

VII. Sight distance on main roadways. 
In daylight, non-passing sight is based on an 
eye height of 4'/2 ft above roadway, sighting 
an object 4 in. high. At 75 mph, 700 ft is 
provided ; at 70 mph, 600 ft; and at 60 mph, 
475 ft. 

Profiles were also checked for sight dis- 
tance with headlamps to provide a sight dis- 
tance of 1,000 ft at 75 mph over summits, 
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and of 780 ft in sags. At a 60-mph design 
speed, 800 ft is provided over summits and 
570 ft in sags. 

VIII. Sight distance on ramps. Mini- 
mum sight distances are given in the table 
below, which is based on a perception time 
of 2 sec, brake reaction time of 1 sec, and a 
coefficient of friction of 0.2. Minimum sight 


distance = 4.4V + V?/6 


Rapius DESIGN SPEED MIN. SIGHT 
IN FT on RAMP, MPH DISTANCE 
100 20 155 
150 25 215 
200 30 280 
300 35 360 
400 40 440 
500 45 535 
These sight distances are based on a 
height of eye of 4'/. ft, viewing an object 
4'/, ft high 


IX. Acceleration and deceleration lanes 
are 1,200 ft long 

X. Right-of-way width between Deep- 
water and Raritan River is 300 ft; and 
north of the Raritan River it is 250 ft, ex- 
cept through Elizabeth and in heavily built- 
up and industrial areas. 


XI. Number of traffic lanes. 
Between Deepwater and the North 
Camden interchange, initial construction 


provides four lanes, and ultimate contruc- 
tion, four 

Between North Camden and the Route 35 
interchange, four lanes are provided in 
initial construction; ultimate construction 
will have six lanes 

Between the Route 35 interchange and 





APPROACH to exit ramp at Burlington-Mount Holly interchange is spiraled. 
Minimum distance between reverse curves is designed to include runout dis- 
tance for superelevation of both curves. 


the Route 3 interchange, six lanes are pro 
vided in initial construction; to be eight 
lanes, dual-dual, in ultimate phase. 

Between the Route 3 interchange and the 
Route 6 interchange, initial construction 
provides four lanes, and ultimate construc- 
tion will have six lanes. 

XII. Bridge clearance vertically, from 


the surface of the Turnpike pavement to the 
under side of bridges passing over the Turn- 
pike, is 15 ft 

XIII. Cross roads. Geometric design 
standards for intersecting roads and for ac- 
cess or relocated roads were set as no less 
than those previously in existence on the 
road in question. 





Design specifications for Turnpike bridges 


1. Standard Specifications. Except as 
modified in this listing, and by other stand- 
ards that were prescribed for Turnpike 
construction, the design of all highway 
bridges on the Turnpike was governed by 
the 1949 Standard Specifications for High- 
way Bridges of the American Association of 
State Highway Officials (Division III, pp. 
121-210 inclusive). The modifications here 
listed apply to the articles of the AASHO 
Specifications as given in parentheses. 

2. Dead Load (Art. 3.2.2). No provi- 
sion was made in the design for a wearing 
surface on the concrete roadway slab of 
bridges. Instead, the roadway slab thick- 
ness required by the design was increased ! 
in. to allow for wear. 

3. Live Load (Art. 3.2.3). The live 
load for all bridges carrying Turnpike 
traffic was taken as H20-S16. The live load 
for other bridges was mutually agreed upon 
with the public body involved. The fol- 
lowing live loads were suggested as gener- 
ally appropriate: For state highway 
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routes, H20-S16; for other primary roads, 
H20; and for secondary roads, H15. The 
classification of primary and secondary 
roads was according to the Design Stand- 
ards of the AASHO. 

4. Curb Loading (Art. 3.2.11. Lateral 
Loads). Curbs at sidewalks and at median 
strips, for bridges carrying Turnpike traf- 
fic, state highway roads or other primary 
roads, were designed to resist a lateral force, 
applied at top of curb, of 1,000 Ib per lin ft. 

5. Sidewalk, Curb and Median Strip 
Loading (Art. 3.2.11, Vertical Loads). All 
curbs, sidewaiks, and median strips, and 
their immediate supports, where curbs are 
10 in. or less above the roadway surface, for 
bridges carrying Turnpike traffic, state high- 
way roads or other primary roads, were de- 
signed for a wheel load of 12,000 Ib, with 
normal impact, at 150 percent of normal al- 
lowable unit stresses 

6. Railing Loadings (Art. 3.2.18). All 
railings adjacent to the roadway and side- 
walks for bridges carrying Turnpike traffic, 


state highway roads or other primary roads, 
were made up of a solid parapet, or its 
equivalent, not less than 18 in. high, sur- 
mounted by a metal rail. The top member 
of the metal rail was designed to resist a 
lateral horizontal force of 150 Ib per lin ft 
together with a simultaneous vertical force 
of 100 Ib per lin ft. The parapet was de- 
signed to resist a horizontal force of 600 Ib 
per lin ft, applied at the top of the parapet. 
This parapet load was not considered to act 
simultaneously with the load specified for 
the metal rail. The parapet load was con- 
sidered to act simultaneously with the load 
specified in Paragraph 5 above, and the unit 
stresses for such combined loads were not 
allowed to exceed 150 percent of the normal 
allowable unit For very short 
bridges and bridges whose decks were to be 
covered with fill, consideration was given to 
carrying the typical roadway guard rail 
across them. 

7. Earth Pressure (Art.3.2.18). Abut- 


ments and retaining walls along highways 


stresses. 
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were proportioned to withstand horizontal! 
pressures not less than that given by a fluid 
weighing 35 lb per cu ft, the weight of the 
compacted fill back of the walls being taken 
as 120 Ib per cu ft. 


8. Camber of Beams and Girders (Art. 
3.6.85). Camber of beams and girders, 
where provided, was made equal to the de- 
flection for full dead load. Whether cam- 
ber was or was not provided, the construc- 
tion was required to be such that after full 
dead-load deflection, the finished roadway 
surfaces would conform to those required. 


9 Wind Loads (Art. 3.2.14). Wind 
loads on the structure were assumed to act 
either transversely, longitudinally or di- 
agonally. The exposed area for transverse 
wind load on the structure was as specified in 
(1), except that in stringer spans, the num- 
ber of stringers was taken as a maximum of 
4. The exposed area for longitudinal wind 
load on the structure was taken to be one- 
half the areas of all truss members, outstand- 
ing legs of stiffeners on girders, sway bracing, 
floorbeams, cantilever brackets, stringer 
diaphragms, railing posts, and other mem- 
bers as seen in cross section. Diagonal or 
quartering winds, at an angle of 45 deg with 
the bridge center line, were assumed to give 
simultaneous loads equal to 0.7 of the trans 
verse wind load and 0.7 of the longitudinal 
wind load 

In the design of the substructure, includ 
ing all elements which support the super- 
structure girders or trusses and their at- 
tachment to the substructure, provision was 
made: (a) for one-half of the transverse 
loads specified in (1) and (2) acting with the 
live load; and (5) for a wind pressure of 50 
Ib per sq ft acting transversely, longitu 
dinally or diagonally on the unloaded struc 
ture. 

In the design of lateral bracing, the as- 
sumed wind loads were assumed to be those 
specified in (3) or the sum of these specified 
in (1) and (2), at normal allowable unit 
stresses, or those specified in (5) at 125 per- 
cent of normal allowable unit 
whichever would give the greater sectional 
area. In the design of members for com- 
bined effect of live load and wind load, the 
assumed wind loads were assumed to be one- 
half of the sum of those specified in (1) and 
2). 

10. Bracing between Compression 
Members (Art. 3.2.14). The lateral brac- 
ing of the compression chords or flanges of 
trusses and deck girders, and between the 
posts of viaduct towers, was proportioned 
for a transverse shear in any panel equal to 
2'/: percent of the total axial stress in both 
members in that panel, in addition to the 
shear from the specified wind loads. To 
provide for these combined shears, the brac- 
ing stresses were taken as 125 percent of the 
normal allowable unit stresses. 


11. Depth Ratios in Superstructure 
(Art. 3.6.11). In determining the ratio of 
the depth to the length of span for composite 
beams, the thickness of the concrete slab 
plus the depth of the steel beam was con- 
sidered as the total depth. 


stresses, 
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12. Welding (Art. 3.6.55). Welding of 
cover plates to rolled beams used as string- 
ers, floorbeams, or girders, was required to 
be by continuous welds. 

13. Curbs (Art. 3.1.9). Generally, for 
all bridges carrying Turnpike traffic, side 
curbs were 9 in. high with a slope back of 
1'/. in. in this height; and center island 
curbs were provided with a slope of 45 deg. 
The Design Standard furnished by the 
Turnpike Authority provided for excep- 
tions to the criteria indicated here for curbs. 

14. Grade of Reinforcement (Art. 
3.4.12). The designs were made on the 
basis of Intermediate Grade Reinforcement. 

15. Reinforcement in Concrete Roadway 
Slabs (Art. 3.3.2). The longitudinal rein- 
forcement in the tops of concrete roadway 
slabs where the main reinforcement was 
perpendicular to traffic was not less than 
0.20 sq in. per ft of width. The use of 
bent-up rods in concrete roadway slabs 
generally was dispensed with. At points of 
negative moment, tied straight bars gener- 
ally were used. 

The general consultants prepared formu- 
las pertaining to the relationship between 
positive moments in slabs and long shallow 
spans, by which each consulting engineer 
was to test long shallow spans and make pro- 
vision for additional moment where neces- 
sary 

16. Reinforcement for Temperature in 
Abutments and Retaining Walls (Arts. 
3.5.3 and 3.5.4). The horizontal reinforce- 
ment specified near exposed surfaces was to 
be not less than 0.44 sq in. per ft of height. 

17. Pouring Sequence for Slabs on Con- 
tinuous Beams or Girders (Art. 3.3.2). 
Slabs on continuous beam spans or contin- 
uous girder spans were poured according toa 
sequence which would reduce to a minimum 
the dead-load tensile stresses in the slab due 
to any composite action of slab and beam or 
girder which might develop, and which 
would avoid such tensile stresses in a par- 
tially set slab. The required sequence was 
shown on the plans, which also showed the 
sections in which the slab was to be poured, 
the direction of pouring in each section, the 
order of pouring the sections, and the mini- 
mum interval of time allowed between the 
pouring of successive sections. 

18. Haunches for Slabs Supported on 
Steel Beams (Art. 3.3.2). When concrete 
slabs were to be supported on steel stringers, 
girders, or other beams, the bottom of the 
concrete slab was placed above the top of 
the steel support to provide a concrete 
haunch. The haunch was made deep 
enough to insure that the concrete slab 
could be constructed to the depth shown on 
the plans with its top at the required sur- 
face after full dead-load deflection, and 
without decrease in slab depth at the steel 
support after suitable allowance for beam 
camber, tolerances and for variation in 
camber of the steelwork from that speci- 
fied. 

Slab panels between haunches were of 
uniform width to effect economies in the 
construction of forms. Beam haunching 
was made of variable width corresponding to 
the required beam spacing so that a uni- 
form panel width could be used between 
haunching. 





(Art. 
Composite beams were designed on the as- 


19. Composite Beams 3.9.3). 
sumption that no temporary supports 
would be provided for the beams during the 
placing of the permanent dead load. In 
composite beams used for continuous struc- 
tures, the design for negative moment was 
made on the assumption that only the 
structural steel beam and the reinforcing 
steel in the slab are effective. Considera- 
tion of composite action in the design of 
bridge decks was at the discretion of the 
consulting engineer on the section. 

20. Shear in Composite Beams. In 
composite beams used for continuous 
structures, the horizontal shear at the junc- 
tion of the slab and the structural steel 
beam in regions of negative moment was 
computed on the assumption that the slab 
was to be fully effective even though as- 
sumed ineffective in the design for negative 
moment. Shear devices were designed for 
the shears so computed. 

Generaily, the use of continuous compos 
ite beams was avoided, but the final decision 
as to their use in order to meet any special 
condition was made by each consulting en- 
gineer for the section involved. 

21. Shear Devices for Composite Action 
(Art. 3.9.6). 

(1) Plans showed shear devices of the 
channel or bulb angle types, and the load in 
pounds or in pounds per linear inch for which 
each such shear device was designed. 

(2) A statement was included in the 
Supplementary Specifications as follows: 
“Where the plans provide for composite 
beam action by means of shear devices 
welded to the tops of the beams, shear de- 
vices of other types may be substituted by 
the contractor provided they meet the ap- 
proval of the engineer as to type and 
strength, and that there is no increase in 
cost to the Authority. Payment will in all 
cases be made for the weights of the shear 
devices shown on the plans.” 

(3) The particular section of channel or 
bulb angle used for a shear device was such 
as to permit the use of welds of adequate 
size. To obtain good welds, the sizes of 
fillet welds were required to be not less than 
the following: 


Size oF Max. Turckness, tn IN 
Fitter WEevp, or FLaAnce ELEMENT TO 
In. Waicn Wevp Is Appiiep 
*/16 V/s 
a /, 
5/is 1'/¢ 
3/5 2 


(4) Welds were designed for horizontal 
shear parallel to center line of beam at an 
allowable unit stress of 10,000 psi on the 
minimum section of the weld, giving allow- 
able shear on fillet welds for channel and 
angle shear devices, as follows: 


Size or ALLOWABLE SHEAR 
Fittet WELD, PER Lin IN. oF 
In. WE p, In Ls. 
*/u 1,326 
V4 1,768 
5/e 2,210 
3/s 2,652 


(5) Welds for attachment of the chan- 
nel or bulb angles were distributed equally 
between the back and the toe of the section. 
Intermittent welds were permitted. 

(6) For heavy beam flanges, a 4-in. 
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car-building bulb angle weighing 11.8 Ib per 
lin ft generally was used. This angle has a 
height of 4 in., a bottom flange width of 
3'/o in., a top flange width of 1'/, in., and a 
thickness of */s in. 

(7) The concrete cover over the ends of 
the shear devices was not permitted to be 
less than 2 in. 

(8) Each shear device was placed on 
the beam so that the pressure of the concrete 
for maximum load on the device was against 
the back of the channel or bulb angle 

(9) The allowable pressure between the 
concrete and the channel or bulb angle was 
3,000 psi on the effective area The effec 
tive area was taken as an area having a 
length equal to the length of the channel or 
angle and a height equal to the sum of the 
thickness of the bottom flange at the front 
face of the web and 1.5 times the thickness 
of the web. For the 4-in. 11.8-Ilb bulb angle 
this gives an allowable load per lin in. of 
angle equal to 2,810 Ib, as follows: 


3,000 (3/5 + 1.5 X 3/3) = 2,810 


(10) When the direction of the load 
on a shear device was reversed during the 
passage of the live load over the structure, 
the maximum load in each direction was de- 
termined, and the design load taken to be 
the sum of the larger load and one-half of 
the smaller load. 
(11) The engineer was authorized to ac 
cept as equivalent shear devices, Alpha spi 
rals designed in accordance with the require 
ments of the 1949 Alpha Composite Con 
struction Engineering Handbook of Porete 
Manufacturing Company, except as fol 
lows: 
(a) Allowable unit stress on the cross 
section of a spiral rod was to be 
16,000 psi 

(6) Allowable unit stress on welds on 
the critical section was to be 
10,000 psi 

(c) Provide for reversal under passage 
of live load, as specified above for 
channels and bulb angles 

(d) These requirements resulted in the 

following allowable loads per con 
nection of spiral rod to beam and 
the following welds 


Dia. OF 
SPIRAL LOAD PER WELDS PER 
Rop CONNECTION CONNECTION 
In Ls 
6,280 Iwo :”, 1'/2” long 
Sys 9,810 Iwo se”. 1°/4" long 
‘ 14,130 Two, § " 2'/4" long 


22. Deck Beams and Girders. Fascia 
beams and girders were designed to have a 
uniform depth for the full length of bridges 
Interior beams and girders were varied in 
depth according to the span, but could not 
be deeper than the fascia beams and girders 
Field splices in deck beams and girders were 
located in accordance with the experience 
and judgment of the consulting engineer. 
Riveted field splices were used for webs and 
flanges. 

23. Maximum Pitch of Rivets (Art 
3.6.22). For sealing, the pitch in a single 
line adjacent to a free edge of an outside 
plate or shape was not permitted to exceed 
4 in. plus four times the plate thickness, nor 
to exceed 7 in. If a second line of rivets 
was used, uniformly staggered with those in 
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SIMPLICITY and economy 
were basic factors in design 
of all Turnpike bridge struc- 
tures. Typical of this de- 
sign principle are the struc- 
tures here shown under con- 
struction: Trumbull Street 
Viaduct (top); Hightstown- 
Trenton Interchange at 
Route S-33 (center); and 
Rahway River Bridge 
(below). 
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the line adjacent to the free edge, at a gage, 
g, less than 1'/, + 4/¢ in. therefrom, the stag- 
gered pitch of the rivets in the two lines was 
not permitted to exceed 


fin. + 42 sz, nor 7 — */4¢ 


but need not be less than the requirement 
for a single line, where 


i thickness, in inches, of the thinnest outside 
plate or shape 


24. Stitch Rivets (Art. 3.6.23). In com 
pression members, if the rivets on adjacent 
lines were staggered and the gage, g, between 
the line under consideration and the farther 
adjacent line was less than 24 /, the staggered 
pitch in such two lines was not permitted to 


exceed 
12¢, nor 152 /s 2 


25. Expansion and Contraction (Art 
3.6.46 The normal shop temperature of 
structural steel was assumed as 68 deg F, 
and provision was made for a temperature 
range from a minimum of —20 deg F to a 
maximum of 120 deg F 

26. Bridge-Deck Joint Treatment. No 
wide space or gap was permitted between 
the ends of beams at the piers for struc 
tures passing over the Turnpike, nor were 
drainage gutters or pipes located at the 
joints over the piers. Expansion and con 
traction movements on such structures were 
concentrated at the abutment and cared for 
by open joints. These joints were provided 
with suitable drainage details, arranged to be 
hidden from view as much as practicable 

a) Open Joint Without Fingers. The 
maximum minimum 
temperature was not permitted to 
ind all such joints 


opening at 


exceed 1*/, in 
were armored 
(6) Joints at Ends of Small Single-Span 
Bridges. These joints on spans up 
to 50 to 70 ft long, according to the 
judgment of each consulting en 
gineer, were closed with a copper 


strip as a water stop and with pre- 
molded joint material above the 
copper strip. This type of joint 

was not armored. 
(¢) Deflection Joints for Beam Spans. 
At a pier where there are two fixed 
shoes, or where there is one fixed 
shoe and one expansion shoe, or 
two expansion shoes, the tops of the 
flanking beams were tied together 
with longitudinal strap plates 
These joints are closed as noted for 
joint (6) above, and are unarmored. 
(@) Deflection Joints for Girder 
Spans. With either one fixed shoe 
and one expansion shoe at the pier, 
or with two expansion shoes, the 
girders of the flanking spans were 
tied together with longitudinal 
straps at the top flange. Such 
joints were closed as for joint (d) 

above 

27. Bridges Crossing Over Turnpike. 
Where a small hidden abutment is used, the 
slope in front of the abutment was designed 
to be 2:1. The top of the slope along the 
face of the abutment was made level trans 
versely, and the toe of the slope in no case 
extended beyond the back face of the ad- 
jacent pier. The length of the end spans 
was therefore determined by this require 
ment. It was necessary to determine the 
controlling point at the back face of the pier 
and proceed from there in determining the 
span length. This point, in general, was at 
the lowest elevation of the underpass al- 
though it was affected by the skew and 
superelevation in the overhead structure 
Pipe culverts were carried under the fill to 
Turnpike ditches 
where a 


connect the adjacent 
The above applied in gereral 
secondary road was carried over the Turn 
pike and fills were used for approaches 
Other situations were handled in a consistent 
manner 

28. Open Expansion Joints at Abut- 
ments at Tops of Embankments. A gutter 
in the bridge seat will collect water coming 
down the joint. Deflector plates, if neces 
sary, were installed near the tops of the 
beams to throw the water away from the 


beams. Backwalls of abutment and gut- 





ters were treated to avoid deterioration of 
the concrete. The exact method of taking 
the water out of the gutter and carrying it to 
a suitable drainage channel was determined 
by the consulting engineer, except that no 
metal gutters were permitted. 

29. Open Expansion Joints at Piers and 
High Abutments, if on a longitudinal grade, 
were provided with roadway drains above 
them so as to prevent water from reaching 
the expansion joint. A gutter in the bridge 
seat was provided for the collection of any 
water that might pass through the open 
joint. The exact method of taking the 
water from this gutter to a suitable drain 
age channel was determined by the consult 
ing engineer. 

30. Bridge Shoes. In so far as practi- 
cable, the height of both the fixed and rocker 
shoes on the piers was made constant for 
each structure. Bridge shoes at abutments 
were concealed in accordance with the ap 
proved drawings, as submitted by the con 
sulting architects 

31. Painting of Steelwork. 
steelwork is painted in accordance with the 
pertinent specifications 

32. Approach Slabs and Curbs. Rein- 
forced concrete approach slabs were used 
adjacent to all abutments regardless of the 
type of approach paving. Approach slabs 
were made 10 in. thick at the outer end and 
16 in. thick at the abutment. Reinforce 
ment generally was provided in the top and 
bottom of the slab, both ways, and of such 
sizes and spacing as were determined by the 
engineer in accordance with the require 
ments of the individual structures 

Reinforced concrete approach slabs were a 
part of paving contracts. Bridge contracts, 
therefore, provided for an appropriate 
bridge seat for the slab. While slabs were 
required to be 16 in. thick, the individual 
consultants determined the actual size and 
depth of the bridge seat to be provided 
Where necessary to prevent raising during 
mud-jacking operations, the approach slab 
was anchored down to the abutment 

Where concrete curbs were used on ap 
proaches adjacent to abutments, they were 
reinforced as beams and detailed to permit 
mud-jacking of the adjacent approach slabs 


All exposed 


BRIDGES crossing over Turnpike, with small hidden abutments, have 2:1 slopes in 
Toe of slope in no case extends beyond back face of adjacent pier. 
This requirement governed length of end spans. 


front of abutment. 
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Design specifications for 


1. Superstructure. Except as other 
wise agreed on with the railroads, and except 
as modified below, the 1949 Specifications 
for Steel Railway Bridges of the American 
Railway Engineering Association governed 
the design of the superstructures of all 
bridges carrying railway traffic over the 
Turnpike. The live load used for design 
was agreed on with the railroad 


2. Substructure. Except as otherwise 
agreed on with the railroads, and except as 
modified below, the 1949 Standard Specifi- 
cations for Highway Bridges of the Amer- 
ican Association of State Highway Officials 


railway bridges 


governed the design of the substructures of 
all bridges carrying railway traffic over the 
Turnpike. 

Surcharge loading for walls adjacent to 
railroad tracks was determined as follows: 

In calculating the surcharge due to a 
track, the entire load was taken as distrib- 
uted uniformly over a width of 14 ft for a 
single track or tracks spaced more than 14 ft 
on centers, and the distance center to center 
of tracks where tracks were spaced less than 
14 ft. 

In calculating the pressure on a retaining 
wall, where the filling carries permanent 
tracks or structures, the full effect of the 
loaded surcharge was considered where the 


edge of the distributed load or the structure 
was vertically above the back edge of the 
heel of the wall. The effect of the loaded 
surcharge was neglected where the edge of 
the distributed load or the structure was at a 
distance from the vertical line through the 
back edge of the heel of the wall equal to 
h, the height-of the wall. For intermediate 
positions, the equivalent uniform surcharge 
load was taken as proportional. For ex- 
ample, for a track with the edge of the dis- 
tributed load at a distance of h/2 from the 
vertical line through the back edge of the 
heel of the wall, the equivalent uniform sur- 
charge load is '/, the normal distributed 
load, distributed over the filling. 





Design standards for 


TO OBTAIN consistency in the design of 
drainage facilities throughout the Turnpike, 
the following policy was generally followed: 

1. The rational method was utilized in 
determining pipe sizes based on gravity flow 
Most culverts 36 in. and larger in size are 
under the jurisdiction of the State Division 
of Water Policy and Supply. The New Jer- 
sey State Water Policy Commission favors 
the rational method for culvert sizes up to 5 
ft X 5 ft, unless flood records are available 
on which to base design 

2. Between Route 35 and Morse’s Creek, 
initial pipe sizes were designed to accommo- 
date an ultimate 8-lane dual-dual highway. 

3. A self-cleaning system was designed 
utilizing inlets. Catch basins were not used. 
To assure self-cleaning, pipes were designed 
on a grade that would provide a minimum 
velocity of 3 fps when flowing one-third full. 

4. Minimum diameter of pipes is 18 in., 
except that, for runs less than 100 ft, a 15- 
in. diameter was used, and for runs less than 
40 ft, where some 12-in.-diameter pipe was 
used. 

5. Pipes and culverts were designed for 
the following rainfall frequencies: For sys- 
tems carrying Turnpike roadway drainage, 
10 years; and for cross pipes or culverts 
carrying drainage from one side of the Turn- 
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Turnpike storm-drainage structures 


pike to the other, 15 years. The roadway is 
designed above all known high water. Free- 
board above inside top of pipe or culvert is 
at least 4 ft. Where future building and 
street development was indicated, the runoff 
was based on full development and the free 
board adjusted upward accordingly. 

Outfalls from underpasses in cuts, from 
which water cannot escape, were designed 
for a rainfall of 25-year frequency, but based 
on utilizing head up to the surface of the 
lowest roadway inlet grating 


TABLE I. 


6. The spacing of inlets for draining the 
Turnpike median strip conformed to the 
accompanying Table I, as indicated in the 
last column, headed “Used.” 

7. Inlet gratings have a capacity to ad- 
mit runoff from 10-year storms, except as 
noted in Section 5. It was recognized that a 
narrow inlet grating cannot always suck in a 
broad sheet of water flowing in the gutters 
on continuing grades. Some water will flow 
over such a grating and overtax the gutter 


below. To avoid this condition, double in- 


TURNPIKE INLET SPACING FOR MEDIAN STRIP 


| = 5.3 in. per hr for 5 min; Manning's n = 0.02; ¢ (runoff) = 0.9 


TRANSVERSE 


HicuH Pornt INLET SPACING, IN FT 


or GUTTER - 


Roapway Gutter GuUTTER GUTTER REVERSE GRADE By hy By geo 

GRADE WiIpTtH GRADE, SLOPE, SAME AS draulic re- metric re 

P&RCENT F1 PERCENT PERCENT GuTTerR GRADE quirements quirements Used 
0.00 6.0 0.40 2 to 6 Midway between inlets 570 120 120 
0.20 6.0 0.40 2 to 6 40 ft downgrade from 570 160 160 

inlet 

0.40 6.0 0.40 5 None 420 250 
0.50 6.0 0.50 5 None 472 300 
0.75 5.0 0.75 5 None 350 325 
1.20 5.0 1.20 5 None 450 350 

Steeper 5.0 5 None 6 350 
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lets, spaced 15 to 20 ft apart, were utilized 
where necessary 

8. In the design of pipe cross-drainage 
and Turnpike roadway pipe drainage dis 
charging into Turnpike side ditches, head 
walls were omitted on pipes less than 24 in 
in diameter wherever conditions were favor 
able. Aprons were built on the downstream 
end to control erosion and maintenance 
where required Cutoff walls were con 


SOD was placed (right) on slope of medial 
strip of Turnpike north of Route 40 in Sep- 
tember 1951. Drainage inlet in foreground 


will be covered by grating 





EMBANKMENT DRAINAGE (above) is car- 
ried down slopes in half-round corrugated 
metal drains 12 in. or more in diameter. 


structed at the outfall end of aprons where 
high velocities were expected. Exposed 
ends of pipes were painted green wherever 
visible from the Turnpike roadway, and 
mounded over with earth to facilitate ma 
chine mowing 


9. Drainage pipes discharging on the 
side of Turnpike fills above the toe of the 
slope are provided with corrugated asphalt 





coated pipes installed below the surface of 
the fill slope, to convey water to the bottom 
of the slope. When the volume of water is 
small, half-round corrugated metal drains, 
12 in. or more in diameter, were set flush 
with the surface of the fill slope. These 
pipes were extended beyond the toe of the 
slope unless protective devices were con- 
structed to control erosion and mainte- 
nance. 











INLET GRATINGS for Turnpike side drains have capacity to admit runoff 
Where necessary, double inlets 15 to 20 ft apart 
were used to prevent flooding of downgrade gutters. 


from 10-year storms. 
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CULVERTS carrying drainage from one side of Turn- 
pike to the other are designed for 15-year rainfall 
frequency, and systems carrying roadway drainage, 
for 10-year frequency 
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O. J. PORTER and L. C. URQUHART, Members ASCE 
Porter-Urquhart Associated, Consulting Engineers, New York, N.Y., and Newark, N.J. 














Sand drains expedited 


stabilization of marsh section 








FIG. 
crosses New 
foundation consisted of wet silt and mud to 
depths up to 250 ft. 
000 cu yd were stabilized. 


A LONG SECTION at the northern 
end of the Turnpike was routed over 
the New Jersey Meadows (Fig. 1). 
This route was chosen to avoid heav- 
ily built-up industrial and residential 
areas in Newark, public institutions 
in Hudson County, a second cross- 
ing of the Hackensack River, and 
other residential areas. The Mea- 
dows are a geological formation con- 
sisting of deposits of mud and silt 
with a high water content, varying in 
depth from a few feet to 250 ft. 

Several methods have been used 
for the construction of roads and 
other structures on mud of this 
type: 

1. Where the mud is shallow (5 
or 6 ft deep) an excavation and back- 
fill method usually has proved ade- 
quate. This method has been used 
for depths of mud up to 20 ft or more 
but at relatively high costs. 

2. A more economical method, 
utilized extensively across shallow 
mud on the Turnpike, is to cover 
the meadow with free-draining sand 
3 or 4 ft in depth and then to super- 
impose an overload fill on this sand 
fill to obtain rapid consolidation and 
stabilization during construction. 

3. A third method is the sand- 
drain method, which may prove eco- 
nomical for any depths exceeding 10 
ft. 

Where the cost of fill is low and 
disposal areas for the mud are read- 
ily available without excessive haul, 
the first method listed—excavation 
and backfill—often can be used 
economically. On the northern sec- 
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tion of the Turnpike this method did 
not prove generally desirable even 
where the mud was shallow because 
fill costs were high and disposal areas 
were difficult to obtain. On a sec- 
tion between the Rahway River and 
Morse’s Creek, a distance of 1.10 
miles, where the depth of mud varied 
from 15 to 25 ft, alternate bids were 
taken on this method and the sand- 
drain method. The latter showed a 
saving of nearly one million dollars. 
During the preliminary and design 
studies for the northern part of the 
Turnpike, approximately 800 test 
holes ranging up to 212 ft in depth 
and aggregating 29,443 lin ft, were 
made to obtain samples for analyses 
of the more than 40,000,000 cu yd of 
marsh mud encountered. Because 
of the variation in the character of 
the mud deposits, about 18,000 sam- 
ples were tested for moisture con- 
tent or density in order to classify 
the various strata. About 350 rep- 
resentative samples were tested for 
consolidation and permeability, and 
175 for strength by triaxial methods 
at various stages of consolidation. 
The studies of these tests, sup- 
ported by past experience, indicated 
that it would be necessary to stabi- 
lize about 20,000,000 eu yd of mud 
and soft silt and clay to obtain rapid 
consolidation and settlement of the 
roadway embankments in the short 
period allowed for construction. All 
three methods listed above were 
used, but the third method was the 
principal one, utilizing about 5,000,- 
000 lin ft of vertical sand drains 


which ranged from 12 to 100 ft in 
depth. 


Sand-Drain Method Used Extensively 


Previous work for the New Jersey 
State Highway Department—on 
Route 3 at Secaucus, Route 35 at 
Point Pleasant, Route 100 in Linden 
and at other places—had proved 
the efficacy of consolidation and 
stabilization of the subsurface ma- 
terial by the use of vertical sand 
drains. It was decided, therefore, 
that this method could be used suc- 
cessfully for the construction of the 
Turnpike across the Meadows. 

Many possible alignments north 
of the Hackensack River in the vicin- 
ity of Laurel Hill were studied in an 
endeavor to locate the Turnpike 
where the mud was _ shallowest. 
Our subsurface explorations indi- 
cated that the Pennsylvania Rail- 
road had years ago selected the best 
possible location and that we should 
parallel its alignment until the Turn- 
pike turns northwest to cross the 
shallower marshes adjacent to the 
Secaucus Hills. The adoption of 
this alignment saved many hundreds 
of thousands of dollars over alternate 
locations previously considered 
which traversed the very deep mud 
deposits near the center of the New 
Jersey Meadows between the Secau- 
cus Hills and the Lincoln Tunnel ap- 
proaches. 

The order of procedure used in the 
sand-drain method of consolidation 
on the Turnpike is shown in Fig. 2. 
In general, it was as follows: 
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drain method involved following steps: 


Step 1. To check the rate of 
stabilization during construction and 
to measure the amount of fill actually 
deposited for contract payments, 
1,660 settlement platforms were in- 
stalled before the blanket was placed. 
These platforms consisted of either 
a timber or steel-plate rectangle, ap- 
proximately 3 ft X 3 ft. To each 
platform a pipe was attached which 
extended upward through the fill. 
Extensions to this pipe were added 
as the fill was built up. At various 
elevations in the mud foundations, 
450 pore-pressure devices were set up 
so that the effect of the fill load on 
the underlying strata could be closely 
watched. In addition, about 500 
control stakes were placed at the 
sides of all fills, and in the meadow 
some distance from the toe of the 
fill, to indicate any sidewise move- 
ment. Such movement, if it be- 
came excessive, could develop into a 
mud wave, and cause collapse of the 


fill. 
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SEQUENCE OF FILL STABILIZATION by vertical sand- set. 
STEP 1: 
forms are placed on original meadow surface. 

sand fill is placed on meadow surface and displacement stakes are 


~~ Displacement stakes 





Settlement plat- 
STEP 2: Porous 
opposite page. 


Step 2. A sand blanket 3 ft or 
more in depth was placed on the sur- 
face of the Meadow. The material 
composing such a blanket must be a 
free-draining sand containing a mini- 
mum of fine particles. The specifica- 
tions for this blanket on the Turn- 
pike required that 100 percent of the 
material pass the 2'/>-in. sieve; that 
from 60 to 100 percent pass the 
'/>-in. sieve; and that, of the ma- 
terial passing the No. 4 sieve, not 
more than 20 percent pass the No. 
80 sieve, and not more than 2 percent 
the No. 200 sieve. 

Because the material for the sand 
blanket lacked fines, it furnished a 
generally loose and unsatisfactory 
working surface for heavy equip- 
ment. Contractors were therefore 
permitted to deposit gravelly ma- 
terial containing up to 15 percent of 
fines on the blanket to a depth of 
from | to 2 ft, and to compact it suf- 
ficiently to form a working table for 
the sand-drain equipment. Some 
contractors placed mats on the sand 
blanket for their equipment rather 
than the finer material allowed by 
the specifications. 


» Sand fill 
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STEP 3 


STEP 3: Vertical sand drains are installed through soft 
material up to 100-ft depth, and pore-pressure measuring devices 
are set at various depths. 


Remaining steps are illustrated on 


Step 3. With pile-driving equip- 
ment, a closed-end mandrel from 14 
to 20 in. in diameter, as specified, was 
driven through the working table, 
the sand blanket, and the under- 
lying Meadow material to a firm 
stratum. The mandrel was filled 
with sand and then gradually with- 
drawn while the sand was pushed 
out through the opened bottom of 
the mandrel by air pressure applied 
on top of the sand. Thus the air 
pressure held the sand in place in the 
hole while the mandrel was with- 
drawn. The sand-drain material 
was required to be free draining in 
character, even coarser than the 
sand blanket, but no large particles 
were permitted. Through these 
sand drains the water in the under- 
lying material percolated upward 
to the sand blanket, as is shown in 
Fig. 3. 

The depth to which the sand 
drains should be driven, and the 
amount of settlement to be expected 
in the underlying material, were es- 
timated from previous subsurface 
explorations, including soil samples 
taken at several elevations. The 
depth to which the sand drains 
should be driven was again checked 
during the driving, and inspectors 
were instructed to have the driving 
continued until a specified number 
of blows per foot was required for 
penetration. 


FIG. 3. VERTICAL SAND DRAINS—to about 5,000,000 lin ft—were driven into marsh 


formation in New Jersey Meadows section of route. 
from compressible material and escaped through sand drains. 
marsh settled to stable load-bearing condition. 


Under load of fill water was pressed 
In period of a few weeks, 


January 1952 * CIVIL ENGINEERING 








STEP 


FIG. 2 (C 
trolled ir 
as deterr 
tests. S’ 


Step 
sand d 
ually « 
thin la 
table. 
of this 
pore p1 
movem 
ing of 
tinued 
had tal 

Fills 
file gra 
ft of o 
the vi 
where 
necessa 
15 ft w 
fills as 
load, \ 
drains. 

As tl 
weight 
derlyin 
forcing 
the sa 
the san 
off in 
After 1 
grade, 
comply 
schedu 
of seve 
order t 
underly 
periods 
sible, a 
advisal 
compli: 
and to 
costs. 

The 
period: 
was fin: 
reading 
For ty 
Fig. 4, 


CIVIL E 





Overload 


FIG. 2 (Continued). 


tests. 


Step 4. After completion of the 
sand drains, fill material was grad- 
ually deposited and compacted in 
thin layers on top of the working 
table. Close control of the placing 
of this fill was exercised, and if high 
pore pressures or excessive sidewise 
movement were observed, the plac- 
ing of fill was temporarily discon- 
tinued until sufficient consolidation 
had taken place. 

Fills were built up to the final pro- 
file grade, above which from 2 to 8 
ft of overload fill was placed. In 
the vicinity of bridge abutments, 
where speed of consolidation was 
necessary, overloads of fill as high as 
15 ft were used. At some locations 
fills as high as 60 ft, including over- 
load, were placed on top of sand 
drains. 

As the fill increased in height, its 
weight tended to compress the un- 
derlying material more and more, 
forcing the water from the mud into 
the sand drains, and then up into 
the sand blanket, whence it drained 
off into the adjacent meadows. 
After the fill reached the overload 
grade, in spite of the necessity of 
complying with the fast completion 
schedule for the Turnpike, a period 
of several weeks was insisted on in 
order to obtain stabilization of the 
underlying meadow mud. Longer 
periods were provided where pos- 
sible, and would generally have been 
advisable had time permitted, to ac- 
complish more complete stabilization 
and to reduce future maintenance 
costs. 

The length of the stabilization 
period varied at different locationsand 
was finally determined by continuous 
readings of the settlement platforms. 
For typical settlement curves, see 
Fig. 4, at right. 
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STEP 4: Overload material is placed in con- 
trolled increments, depending on gain in strength of marsh material 
as determined by readings of field instruments and soil laboratory 
STEP 5: After consolidation, overload fill is removed and 


Step 5. When the settlement 
curves showed a definite tendency to 
flatten out, it was known that 
stabilization was nearing comple- 
tion, and that the date for the safe 
removal of the overload, to allow for 
the construction of bridge abutments 
and paving, could be set. Settle- 
ment and pore-pressure readings 
were taken semi-weekly; they 
totaled over 100,000 readings. Pore 
pressures were closely watched to 
make sure that the superimposed 
fill was not being carried too largely 
on the water within the mud, a situa- 
tion that would have caused blow- 
outs and mud waves. 





utilized to provide for future widening of Turnpike or to fill in service 
and interchange areas. 
6. Pore-pressure devices and settlement platforms are left in place 


for permanent record. 


Final stabilized roadway is shown in STEP 


Step 6. After stabilization of the 
underlying strata and removal of the 
overload fill, the grade was ready for 
pavement construction. 


Examples Show Good Consolidation 


An interesting example of the 
consolidation effected by the sand- 
drain method is provided by expe- 
rience at the old railroad yard at the 
Esso Standard Oil plant in Linden. 


FIG. 4. CAREFUL READINGS of pore 
pressure and fill settlement, 100,000 in all, 
showed when settlement was about com- 
plete. Typical settlement curves are shown 
below. 
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a NEW JERSEY TURNPIKE 


Although the fill over this area had 
been in place for more than fifty 
years, and had carried continuous 
traffic during that time, when sand 
drains were driven and the fill and 
overload placed for the Turnpike, a 
settlement of 3'/. ft occurred in a 
depth of mud of 15 ft or less. 

Another striking example of the 
consolidation of the underlying 
meadow material, obtained by means 
of sand drains and overload, was fur 
nished by a contractor's experience 
in building bridges across Paunpeck 
Creek and Bellman’s Creek on the 
Turnpike north of Route 3. At each 
of these locations, the creek flow 
was diverted through temporary cor- 
rugated metal pipes, and the whole 
area surrounding the piers and abut 
ments was given sand-drain treat- 
ment. In driving the 14-in.-dia 
sand drains, once the sand blanket 
had been penetrated, one to five 
blows of the hammer per foot were 
required at both sites. 

After stabilization, at Paunpeck 
Creek, the excavation was carried 
down to El. —20 ft inside a sheet- 
pile cofferdam. Here the contractor 
experienced such difficulty in driving 
the sheetpiling through the con- 
solidated material that he decided to 
substitute a well-point system with- 
out sheetpiling at Bellman’s Creek. 
At both locations 12-in. closed-pipe 
piles were driven with a No. 11 Mc- 
Kiernan-Terry hammer to depths 
varying from 120 to 180 ft to sup- 
port the bridge piers and abutments. 
The driving records show that from 
20 to 25 blows per foot were re- 
quired to penetrate the consolidated 
material. 

North of Morse’s Creek the Turn- 
pike passes through the Standard Oil 
Company's refinery. As it was re- 
alized that this would be a difficult 
section, involving the relocation and 
construction of a new storage yard, 
it was the first contract let by the 
New Jersey Turnpike Authority. 
The successful bidder was Porier & 
McLane of New York. 

In addition to stabilization of a 
considerable length of meadow un- 
derlying the refinery, up to depths of 
25 ft, this job also required reloca- 
tion and protection of numerous boat 
lines, several 60-in. salt-water cool- 
ing lines, and various other utilities 
of the Standard Oil Company which, 
in their final location, would have to 
cross under the Turnpike. Unin- 
terrupted operation of these pipe- 
lines was required to avoid a shut- 
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down of the refinery. At this site 
sand drains to a total length of 198,- 
800 lin ft were driven at a bid price 
of $1.00 per ft, and 500,000 cu yd of 
fill was hauled 46 miles by railroad, 
rehandled, and placed at a bid price 
of $1.60 per cu yd. 

Between the Central Railroad of 
New Jersey crossing in Elizabeth 
and Raymond Boulevard, a distance 
of 5.85 miles, about 40 percent of the 
mud was shallow enough to be stabi- 
lized by laying an overloaded per- 
vious blanket without any sand 
drains. At the crossing of three rail- 
roads, at a point known as the Oak 
Island Yard, this method was used 
with heights of fill exceeding 60 ft. 
On the remaining 60 percent of this 
section, sand drains 12 to 35 ft in 
length were required to stabilize the 
existing mud layers for the support 
of embankments ranging up to 40 
ftin height. Most of the fills in this 
area were placed hydraulically up to 
a height of 65 ft by Construction Ag- 
gregates Corp. and Peter Kiewit & 
Sons Co. They attained a record 
rate of 750,000 cu yd in one month. 


Some Cost Figures for Sand Drains and Fill 


In this 5.85-mile length of the 
Turnpike, 867,000 lin ft of sand 
drains were installed on roadways 
and interchanges at an average 
price of 55 cents per ft, and 4,390,000 
cu yd of fill were placed at an aver- 
age price of $1.63 per cu yd. This 
fill was dredged from Jamaica Bay, 
Ambrose Channel and Sandy Hook 
and transported by dredges and 
scows to the basin in Newark Bay, 
whence it was pumped distances up 
to 17,000 ft to final location. 

North of the Passaic River, very 
deep mud was encountered except 
in areas near Laurel Hill and short 
stretches in Secaucus. From the 
Passaic River to the Susquehanna 
crossing, a distance of 6.82 miles, 
the contractor was George M. Brew- 
ster & Son, of Bogota, N. J. His 
contracts involved the construction 
of 2,781,500 ft of sand drains at a 
bid price ranging from 40 cents per 
lin ft for the longer drains to 85 cents 
for the shorter ones, and the place- 
ment of 5,208,000 cu yd of dry fill 
at an average bid price of $1.57 per 
cu yd. This contractor made sev- 
eral progress records, among them 
the placing of 6,200 lin ft of sand 
drains with one rig in an eight-hour 
shift; and the placing of 997,000 cu 
yd of fill in one month using 300 
trucks and ten shovels. Some of 
this fill was hauled 37 miles by rail, 
and truck hauls varied up to 25 
miles. 





North of Route 3 a layer of com- 
paratively stiff material from 5 to 
10 ft thick was encountered from 15 
to 20 ft below the surface. Below 
this, soft silty material extended to 
great depths. To avoid great addi- 
tional expense for driving sand 
drains 100 ft or more in depth, it ap- 
peared that low fills over this area 
could be carried on this substantial 
overlying crust. Only the ma- 
terial above this crust was treated 
with sand drains, and the grade 
through the area was raised from | 
to 2 ft to allow for possible settle- 
ment during the next fifty years. 
However, at bridge approaches the 
meadow was treated with sand 
drains to depths of from 70 to 100 ft. 
The same methods of treatment were 
applied to cross the deep mud be- 
neath the ramps to the Lincoln 
Tunnel. 

From the New York, Susquehanna 
& Western Railroad crossing to 
Route 6, a distance of 0.94 mile, 
layers of deep soft mud were en- 
countered. This section also in- 
volved many difficult construction 
and stabilization problems to safe- 
guard sewer lines, approaches to the 
railroad, the Overpeck Creek bridge, 
and traffic on Route 6 at the north- 
erly interchange of the Turnpike. 
Stabilization on this section, involv- 
ing 890,000 lin ft of sand drains 
ranging up to 100 ft in depth, at a 
bid price varying from 45 to 70 cents 
per lin ft, was completed by the 
Union Building & Construction Co., 
of Passaic, N. J., with the top rec- 
ord of 15,288 lin ft of sand drains 
driven with two rigs in two eight- 
hour shifts. 

In the Passaic-Hackensack area, 
fills 40 ft high were built for bridge 
approaches. Based on _ contract 
prices, the cost of these fills, includ- 
ing sand-drain treatment, paving, 
drainage, and other facilities, was 
something less than $800 per lin ft 
of Turnpike. Adjacent structures, 
on the other hand, cost about 
$1,300 per lin ft. 

Future widening of this section of 
the Turnpike to a dual-dual type will 
require the construction of a twin 
structure at an additional cost of 
$1,300 per ft, on the basis of present- 
day contract prices. However, fu- 
ture widening of the fill area for this 
purpose will cost only $400 per ft, 
since in the initial design provision 
was made, immediately adjacent to 
the structures, for a part of such fu- 
ture widening. This was done to 
avoid future placement of heavy em- 
bankment loads near the existing 
abutments. If this provision had not 
been incorporated in the design, the 
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cost of $800 per lin ft for the initial 
construction would have been con- 
siderably less. 

The saving in both money and 
critical materials realized by using 
fills instead of structures would be 
even larger if fill material could be 
obtained at a lower price. On these 
projects fill averaged $1.62 per cu yd, 
with a range of from $1.20 to $1.85. 

Embankment construction over 
the New Jersey Meadows, including 
the sections constructed by the New 
Jersey Highway Department, in- 
volved the placement of about 
15,000,000 cu yd of fill. The quan- 
tities actually required were very 
close to the original estimates sub- 
mitted to the New Jersey Turnpike 
Authority in September 1949, while 
the cost of the embankment work, 
including stabilization, was appre- 
ciably below those estimates. 

Preliminary alignment studies over 
marsh land for Route 100 had been 
made by the New Jersey Highway 
Department from Woodbridge to 
Route 3. Much of the grading work 
was either completed or under con- 
tract from the Rahway River to 
Morse’s Creek prior to the creation 
of the New Jersey Turnpike Author- 
ity. The prelithinary engineering 
studies to determine the location and 
cost of the Turnpike from Bonhamp- 
ton to the northern end were con- 
ducted for the New Jersey Turnpike 
Authority by Ammann & Whitney, 
Edwards & Kelcey, Frederic R. 
Harris, Inc., and O. J. Porter & Co. 
Their report recommended the incor- 
poration of that portion of Route 100 
between the Rahway River and 
Morse’'s Creek as a part of the New 
Jersey Turnpike, and this was done. 

The engineering work for the de- 
sign and construction of the road- 
ways and interchanges of the Turn- 
pike from Morse’s Creek to Route 6 
was done by Edwards & Kelcey, 
Frederic R. Harris, Inc., and O. J. 
Porter & Co. Grading, stabilization 
and pavement were assigned to the 
latter engineering firm with Mr. 
Porter, M. ASCE, as Assistant Proj- 
ect Manager and Mr. Urquhart, 
M. ASCE, as Assistant Chief En- 
gineer in charge. The staff of the 
latter included J. E. Cowles as Con- 
tract Engineer on the northern sec- 
tion and L. J. Stephenson, M. 
ASCE, on the southern section. 
Resident engineers on the grading 
work between Elizabeth and Secau- 
cus were K. S. Kelly and P. C. Mc- 
Callum. Bruce McCreary, Assoc. 
M. ASCE, and R. S. Bodwell of O. J. 
Porter & Co., assisted with the de- 
sign and supervision of the stabiliza- 
tion and grading work. 
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THIS SAND DRAIN RIG is typical of others used for placing drains through 
deep mud formations of Jersey Meadows section of Turnpike. With leads as 
high as 115 ft, mandrels up to 90 ft long were driven. Each hole was filled with 
sand, which was held down by air pressure while mandrel was withdrawn. 


LARGE QUANTITIES of sand fill in Port Newark area were placed hydraulically. Sand 
was hauled from Atlantic Ocean shore areas by barge and dredge. Hydraulic fill was 
brought to construction site through pipes similar to one shown below. 
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Field construction controlled by soil 


OF THE many astronomical figures 
involved in the conception, design, 
and construction of the New Jersey 
Turnpike, those summarizing the 
grading and embankment construc- 
tion are among the most interesting. 
More than 16,900,000 cu yd of road 
way earth excavation, 2,960,000 cu yd 
of roadway muck excavation and 
22,460,000 cu yd of borrow excava 
tion were handled by all types of ex 
cavating and hauling equipment. 
This equipment varied from tractor- 
drawn scrapers to the Euclid elevat- 
ing loader capable of moving more 
than 1,000 cu yd per hour. Gigantic 
fleets of trucks were mustered for the 
longer hauls, and in some cases ma 
terials were delivered to or near the 
job site by rail. 


The magnitude of these quantities, 
of course, early indicated the need 
for application of soil mechanics and 
foundation engineering principles to 
the project, despite the fact that 
many of the problems involved were 
fairly routine. The first investiga- 
tions of soil conditions were made dur- 
ing the feasibility surveys. These 
studies roughly divided the project 
into two categories. The southern 
portion of approximately 95 miles 
traverses a terrain where the ma- 
terials for excavation and embank- 
ment provided no abnormal prob- 
lems of highway construction. In 
fact, many of the materials were well 
suited to highway _ construction. 
Similarly, little trouble with bridge 
foundations was anticipated in this 


INVESTIGATION of more than forty embankment locations showed a few that required 
special stabilization treatment. 
movement to installation of pore-pressure gages with controlled rates of loading. 
danger ot serious slides was largely eliminated. 


Procedures varied from setting of stakes for control of lateral 


Thus 
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part of the route. The northern sec- 
tion, however, traverses the low tidal 
flats and marshes known as the Jer- 
sey Meadows. These marsh areas, 
with soft deposits varying from a few 
feet to over 100 ft in depth, presented 
major problems in both road and 
bridge construction. The manner in 
which these specific problems were 
handled is treated in other articles in 
this issue. 

As soon as a definite location was 
determined, borings were made at 
structure sites in each of the seven sec- 
tions into which the route was divided 
for construction purposes. The bor- 
ings were of both the dry-sample and 
undisturbed types, with the former 
predominating, and the information 
disclosed by these tests was im- 
mediately made available for the de- 
sign of each individual structure. 
The structural foundations were of 
two types—spread footings and pile 
foundations. 

For assistance during construction, 
a program was instituted in each sec- 
tion for highway borings, either of the 
auger or dry-sample type. Because 
of the special problems of stabiliza- 
tion uhder embankments, the high- 
way borings in the marsh areas were 
more extensive than elsewhere and 
included some undisturbed sampling. 
The abundance of predominantly 
granular material and the proportion- 
ately small amount of clayey soils 
other than localized marsh deposits, 
made the. design of embankments 
relatively simple. Where embank- 
ments crossed shallow deposits of 
muck in marshland or on the ap- 
proaches to rivers and streams, the 
unsuitable muck was excavated and 
the foundation area backfilled with a 
sand having less than 10 percent fines 
passing the No. 200 sieve. Other 
embankment foundation areas, ex- 
cluding the northern meadow marsh- 
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samples tested in laboratory 


lands, had the topsoil stripped and 
stockpiled. Areas under shallow em- 
bankments were then treated by in- 
place compaction to required densi- 
ties. 

There was little restriction of ma- 
terials allowable for common embank- 
ment construction. With the normal 
exclusion of muck, peaty soil, and 
similar unstable materials, the only 
other restriction was applied to soils 
in the Public Roads Administration 
classifications A-6 and A-7. These 
clay soils were allowed in the em- 
bankment only in the side slopes out- 
side a vertical plane from the top of 
the slope. Embankment slopes var- 
ied between 4:1 for fills shallower 
than 10 ft, to 2:1 for the higher fills. 
The back slopes of all cut sections had 
a maximum slope of 2:1. The speci- 
fied conditions of placement for all 
common embankment materials were 
6-in. layers loose measure, at 2 per- 
cent plus or minus variation from the 
optimum moisture content, and then 
compacted to 90 percent of the maxi- 
mum density determined by labora- 
tory analysis. The top foot of com- 
mon embankment was required to be 
compacted to 95 percent of the labora- 
tory maximum density. 

The optimum moisture content and 
the laboratory maximum density 
were determined according to the 
modified standards of the American 
Association of State Highway 
Officials, as adjusted to the 6-in. 
mold generally associated with the 
California Bearing Ratio laboratory 
test. The purpose in specifying this 
size of mold was to accommodate the 
granular and soil-aggregate materials, 
which generally contained an ap- 
preciable quantity of particles larger 
than the No. 4 sieve. The only 
change from normal laboratory pro- 
cedure necessitated by the larger 
molds was an increase in the number 
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of blows of the 10-Ib hammer to 55 per 
layer. 

The negligible amount of rock ex- 
cavation resulted in only one rock-fill 
embankment. This rock fill is in 
the middle of the northern marshes, 
on a stable foundation. 

For a depth of 2 ft 4 in. above the 
common embankment, and above 
tempiate grade in cut sections, two 
layers of select subgrade material 
were placed. The lower 1-ft layer, 
specified as Grade B Select Subgrade, 
was limited to not more than 10 per- 
cent passing the No. 200 sieve, a 
plasticity index of not more than 6, 
and a CBR of not less than 15 at 100 
percent maximum density, saturated 
and soaked. The upper layer, speci- 
fied as Grade A Select Subgrade, was 
limited to not more than 6 percent 
passing the No. 200 sieve, a plasticity 
index of not more than 3, and a CBR 
of not less than 20 at 100 percent 
maximum density saturated and 
soaked. These were described as 
pervious, free-draining, frost-resist- 
ant materials normally classified as 
A-3 by the PRA classification. For 
these materials to meet the require- 
ment of being frost resistant, not 
more than 5 percent of their particles 
could be less than 0.02 mm in size. 
The source of these select subgrade 
materials was from both roadway 
and borrow excavation, and they 
were handled generally in the same 
manner as common embankment 
material, except that compaction to 
95 percent of maximum density was 
required. 

Field Laboratories Set Up 


In order to obtain adequate control 
of these many specified characteris- 
tics during construction, each section 
engineer established a field labora- 
tory. The laboratories were equipped 
to make all classification tests, 


gradation analyses, compaction deter- 
minations, and other associated deter- 
minations. Most of the laboratories, 
as a result of the earlier highway bor- 
ings, had tested all the materials an- 
ticipated for embankment construc- 
tion and had recorded their proper- 
ties as a guide to facilitate the labora- 
tory work during construction. Then 
as each material was disclosed by ex- 
cavation, it was sampled, classified, 
and its compaction properties deter- 
mined. It was necessary to perform 
this analysis coincident with the ini- 
tial placement of the material in the 
embankment. 

For the determination of field den- 
sities to check the field compaction 
specifications, the laboratories used 
all the common methods, such as 
heavy oil, calibrated sand and water- 
filled rubber membrane, for the 
volume determination. Some labora- 
tories set up portable equipment in 
the field for moisture determination, 
while others performed such work in 
the laboratory. Although individual 
methods varied, all the laboratories, 
because of the vast quantities of ma- 
terials moved each day, had to set up 
an organization and procedure for ef- 
ficient and expeditious control of the 
construction. 

It was the contractor's responsibil- 
ity to locate all borrow pits, and when 
such pits were proposed for use for 
selected subgrade, the laboratory 
personnel sampled and analyzed the 
material for general conformity with 
the specifications. The approval of 
such a pit, however, did not relieve 
the contractor of the responsibility 
for material requirements. There- 
fore, during the placement of such 
materials, representative samples 
were obtained periodically and tested 
in proportion to the rate of place- 
ment. Once a source had been ana- 
lyzed and accepted ‘“‘as sampled’’ as 
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meeting the specifications for selected 
subgrade, the periodic checks during 
placement were limited to the deter- 
mination of the percentage of particles 
passing the No. 200 sieve. This was 
done to expedite the work on the basis 
that the other required properties 
were principally functions of this 
value. 

During construction, many ma- 
terials used for common embankment 
that did not quite meet the gradation 
specifications for Grade B Selected 
Subgrade, while still meeting the 
other requirements, appeared to pro- 
vide adequate drainage properties in 
the field. The question was raised 
as to why these materials were not 
suitable for selected subgrade. It was 
conceivable that materials not meet- 
ing the specification requirements 
with respect to the No. 200 sieve and 
the 0.02-mm particle size would pro- 
vide the high-bearing-value, free- 
draining, frost-resistant subgrade re- 
quired. The specifications were de- 
signed to apply to the normal soil de- 
posits in order to obtain the desired 
performance. 

From earlier studies in frost resist 
ance made at Purdue University, it 
was known that the effective quantity 
of particles finer than the critical 
0.02-mm grain size for frost suscepti 
bility is dependent upon the grada- 
tion of the total sample. It was also 
recognized that the effective quantity 
of particles passing the No. 200 sieve 
for a given drainage capacity was also 
dependent upon the gradation of the 
total sample. These facts, coupled 
with the requests for the use of sub 
standard materials, started a study 
into the relationship between various 
gradation properties, permeability 
and capillarity for materials both 
passing and not passing the specifica 
tion standards. It was not the intent 
of these studies to derive a new set of 
specification standards, but rather to 
arrive at a more specific understand- 
ing of relationships in order to deter- 
mine whether individual proposed 
materials, not meeting specifications, 
were acceptable. 

The gradation properties con 
sidered applicable were the percent- 
age passing the No. 200 sieve, the per- 
centage finer in size than 0.02 mm, the 
effective grain size, and the coefficient 
of uniformity. In the case of the 
two latter properties, the grain-size 
distribution curves for the forty-odd 
samples tested indicated that a co- 
efficient of uniformity based on the 
grain size for 70 percent finer and 20 
percent finer, rather than the more 
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generally accepted 60 percent and 10 
percent finer values, provided a 
truer description of the material. 
The coefficient of permeability was 
determined by the falling-head 
method with varying densities, in- 
cluding 100 percent maximum den- 
sity, for each sample investigated. 
The capillary potential was deter- 
mined by the drawdown method as 
proposed by Jacob Mizroch of the 
Bureau of Public Roads, and the re- 
sults obtained were considered for 
comparative purposes rather than as 
absolute. 

The results of this series of investi- 
gations were far from complete, and 
no definite conclusions could be 
drawn. The sampling spread did not 
include a representation of all prop- 
erties deemed pertinent. The results, 
however, did show that in all but a 
few cases samples meeting the speci- 
fications for a Grade B material ex- 
hibited a coefficient of permeability 
equal to or greater than 0.28 ft per 
day at 100 percent maximum den- 
sity. This permeability value is es- 
sentially equal to 10~* cm per sec, 
which is noted as the numerical limit 
between good and poor drainage by 
A. Casagrande, M. ASCE, and R. E. 
Fadum, Assoc. M. ASCE, in their 
chart of “Permeability and Drainage 
Characteristics of Soils.” 

The samples that met specification 
standards and exhibited coefficients of 
permeability less than 0.28 ft per day 
also exhibited correspondingly higher 
capillary potentials. All samples 
tested were so composed that the fines 
content was in direct proportion to 
the coefficient of uniformity. This 
eliminated studies of relatively dirty 
samples of uniform gradation and 
relatively clean samples with well- 
graded distribution. Because the 
studies were performed in conjunction 
with the construction of the project, 
it was not feasible from a_ time 
standpoint, to obtain or manufacture 
samples that varied from those avail- 
able from the job site. 

Although there appeared to be a 
marked permeability limit between 
samples above and below the 10 per- 
cent passing limit on the No. 200 
sieve, the variations in drainage and 
capillary properties between the speci- 
fied Grade A and Grade B Selected 
Subgrade materials tested were rela- 
tively small. The minimum limit of 
coefficient of permeability at 100 per- 
cent of maximum density for a Grade 
A material was about 0.5 ft per day. 
However, for the over-all types of 
granular materials investigated, there 
appeared to be a critical limit for the 
coefficient of uniformity, based on 
the 70 percent and 20 percent finer 





values of grain size, when compared 
to a given drainage capacity, for a de- 
creasing fines content. Beyond this 
limiting value of approximately 10 
for a comparable coefficient of per- 
meability of 0.28 ft per day, and of ap- 
proximately 7 for a comparable co- 
efficient of permeability of 0.5 ft per 
day, the relative effect of a low fines 
content on the permeability appeared 
to have been considerably overesti- 
mated. 

All substandard materials proposed 
during construction for substitution 
as Grade B Select Subgrade had co- 
efficients of uniformity equal to or 
proportionately larger than com- 
parable acceptable materials. As a 
result none of these materials was 
deemed acceptable because of their 
low permeability values at 100 per- 
cent of maximum density. 

Because of the necessary transi- 
tion of the roadway cross section be- 
tween the embankment and paving 
phases of construction, the amount of 
Grade A Select Subgrade placed was 
in excess of that required under the 
ultimate paving. This material was 
excavated by “‘boxing out’’ the pave- 
ment section for the placement of 
pavement subbase and base courses, 
the excess material being utilized in 
building up the median strip and 
shoulders. This procedure resulted 
in a variable depth of Grade A Select 
Subgrade material under the pave- 
ment section, with approximately 10 
in. at the pavement center line. 

The specified CBR values of 15 for 
Grade B and 20 for Grade A materials 
were selected before any decisions had 
been made as to the ultimate type of 
pavement or the pavement design. 
However, these values were deemed 
adequate, since under a wheel load of 
40,000 Ib, the CBR of 15 would re- 
quire a combined thickness of 15 in. 
above, and the CBR of 20 a combined 
thickness of 12 in. above. The ulti 
mate pavement design resulted in an 
alternate proposal between rigid and 
flexible types, for a 36,000-Ib axle 
load. The combined thickness of the 
rigid pavement was 16 in., and for the 
flexible design 18'/, in. Thus the 
bearing requirements for the selected 
subgrade materials were more than 


adequate. 
In determining CBR values on 
selected subgrades, the minimum 


laboratory value on an acceptable 
material was approximately 22. This 
was for an extremely fine uniform 
sand just meeting specifications. As 
the work progressed it soon. became 
apparent that, in general, acceptable 
materials encountered throughout the 
project exhibited CBR values much 
higher than the required minimum. 
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TURNPIKE STRUCTURE over Oldman’s 
Creek rests on precast concrete piles and 
monotube abutment piles. Foundations for 
Turnpike structures were of two types- 
spread footings and pile foundations. 


This limited the critical selection of 
subgrade materials to the primary in- 
vestigation of their gradation proper- 
ties, with the assurance that more 
than adequate bearing would be pro- 
vided. 

As a result of an exceptionally wet 
construction season during 1950, ab- 
normally high ground-water condi- 
tions prevailed. In spite of a mini- 
mum side-ditch depth of 4 ft from 
pavement grade, many soft spots 
were encountered when paving opera- 
tions commenced. This condition of 
saturated common embankment was 
also noted in some shallower embank- 
ments. These locations, primarily 
discovered by the specified pretesting 
of the subgrade, subbase and base 
courses, required the extensive use of 
porous concrete pipe for underdrains 
in order to assure adequate bearing 
for the ultimate pavement. 

Another soil problem was presented 
with the slide of a 55-ft embank- 
ment on a river approach, which 
started a thorough study of all em- 
bankments on the Turnpike with re- 
spect to stability. The slide, which 
occurred in an area that had been pre- 
viously thoroughly dredged of muck 
displaced approximately 50,000 cu yd 
of fill. Part of the muck had been re- 
moved in the dry by excavation from 
the shore, which had been carried 
down to a clay layer. This dry ex- 
cavation disclosed the clay as a firm, 
relatively dry material. The re- 
maining and greater portion of the 
muck was removed by a floating 
dredge from the river side. A granu- 
lar backfill was placed in the dredged 
area to above high-water level, and 
the embankment of predominantly 
granular material constructed above 
it. The embankment was carried to 
the failure elevation within four 
weeks. 

Borings in the failure area disclosed 
that the clay layer below the backfill 
was approximately 4 ft thick, with a 
moisture content varying from 50 to 
100 percent by dry weight of soil, and 
having unconfined compressive 
strength ranging from 400 to 1,000 
psf. Pore pressure measurements at 
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approximately the center of the clay 
layer, taken immediately after the 
failure, indicated pressures varying 
from 26 to 60 ft of equivalent hydro- 
static head. From the borings 
throughout the failure area it was not 
possible to discover any appreciable 
movement of the clay, and later only 
a small amount of disturbed clay was 
disclosed by cofferdam excavation at 
the front toe of the slope. This 
raised the question of whether the 
soft clay layer was responsible for the 
movement of such a large volume of 
material. It was suggested that a 
failure of small magnitude in the clay 
instigated a hydraulic failure within 
the embankment itself, due to a dif- 
ference in permeability and density 
between the backfilled material and 
the compacted embankment, assisted 
by high pore pressures within the 
embankment. 

The subsequent investigation of 
all embankment areas covered more 
than forty locations, with the excep- 
tion of embankments in the northern 
marsh areas, which because of the 
special foundation stabilization pro- 
cedures involved, were under constant 
critical surveillance. On the basis 
of field investigations and existing 
boring records, the greater part of 
these locations were classed as stable, 
requiring no further study or correc- 
tive measures. Some questionable 
locations were later classed as stable 
on the basis of additional _ bor- 
ings, and only a few embankments 
required special treatment, which 
varied from the setting of stakes 
for control of lateral movement to 
the installation of pore pressure gages 
with controlled rates of loading. It 
is believed that the investigation 
and control measures eliminated the 
possibility of another such failure. 


various costs 


The of earthwork 
quantities are summarized below. 
These prices were bid by the success- 
ful contractors, from February to 
July 1950, and are applicable to 
ordinary construction procedures ac- 
cording to the New Jersey Turnpike 
specifications. They do not include 
the prices for embankment construc- 
tion over the marsh areas, where 
special materials as well as spe- 
cial construction procedures were 
required. Roadway earth excava- 
tion had an average unit cost of 39.7 
cents per cu yd, with a maximum of 
63 cents and a minimum of 33 cents. 
The average unit cost for borrow 
excavation was 56.5 cents per cu yd, 
with a maximum of $1.15 and a mini- 
mum of 35 cents. Both these items 
covered the costs of excavation, free 
haul for 6,000 ft, placement and com- 
paction. In all but a few cases, 
borrow pits were readily accessible to 
the job site. The average unit cost 
for roadway excavation of muck was 
63.6 cents per cu yd, with a maximum 
of 90 cents and a minimum o* 30 
cents, which included the excavation 
and hauling to waste areas, generally 
beyond the right-of-way. 

Although the soil problems in- 
volved in the Turnpike project may 
have been somewhat routine, such 
an extensive field application of lab- 
oratory test results is seldom met with 
in soil mechanics work. Those con- 
nected with the soil program derived 
great satisfaction from the vastness 
of the program as well as from the 
continual challenge offered by the 
many different soil types encountered 
It was a job requiring technical 
knowledge as well as organization to 
provide the necessary close coordi- 
nation between the laboratory and 
the field. 
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Deck plate girders of record span 
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PLANNING and 
the New Jersey Turnpike abounded in 
problems involved in overpassing and 
underpassing the numerous inter 
secting streams; tracks, yards and 
other railroad facilities; local streets 
and arterial highways; industrial 
plants, such as the extensive re- 
fineries of the Standard Oil Company 
in Linden; the Port Authority's 
Newark Airport; pipelines and other 
overhead and underground utilities. 

These problems were especially 
difficult on the northerly part of the 
Turnpike which through 
densely developed residential and in- 
dustrial sections of the cities of 
Elizabeth and Newark and crosses 


passes 
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construction of 


two major navigable streams, the 
Passaic and Hackensack Rivers. 
Within the 14-mile stretch from the 
south end of the crossing over the 
Rahway River to the northerly 
abutment of the Hackensack River 
Bridge, there are some 45 bridges 
and viaducts having a total length of 
about five miles, built at an aggre- 
gate construction cost of 45 million 
dollars. 

In planning these crossings, it 
was essential to assure maximum 
economy of initial construction con- 
sistent with due regard to future 
requirements and to the safety and 
comfort of the traveling public. 
In the design of all bridges, whether 








adopted 


seen from the Turnpike or from 
intersecting arteries or adjacent terri 
tory, good appearance was considered 
important. Therefore the Commis 
sioners of the Turnpike Authority 
assigned a firm of prominent archi- 
tects, Fellheimer & Wagner, to assist 
the engineers in producing structures 
that would be pleasing in line and 
form. 


Simplicity of Design Stressed 
The architects and engineers agreed 
that esthetic requirements would 
best be attained by simplicity in 
form and structural arrangement, by 
a clear expression of function, and 
by a certain uniformity throughout 
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FIG. 1. 


merous railroads and Pulaski Skyway within little more than two miles. 


ALIGNMENT of New Jersey Turnpike crosses over two rivers, nu- 


Long 


curve at this location was necessitated by desire to cross railroads and Sky- 
way at angle as close to 90 deg as possible. 
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DEVELOPED ELEVATION 
TWO LARGEST structures on New Jersey Turnpike, containing longest single 
plate girders ever erected, are within two miles of each other. River spans 
<_< for Hackensack and Passaic River Bridges each are 375 ft long, and provide 


110-ft vertical clearance over rivers. 


Passaic River Bridge (foreground) is 


shown as closing sections of both girders are being placed simultaneously. 


all the structures. In keeping with 
these aims unnecessary architectural 
embellishments were avoided, as well 
as all forms of trusses and con- 
spicuous bracing. Likewise it was 
considered desirable to keep the 
carrying structure below the floor to 
permit an unobstructed view from 
vehicles passing over the Turnpike. 

In general, short-span bridges, 
such as overpasses over streets, 
railroads and narrow’ waterways, 
were designed with plain rolled beam 
girders carrying the concrete deck 
on top. For a few exceptionally 
long spans and for high viaducts, 
riveted plate girders below the deck 
had to be used. 

Piers and abutments were designed 
with plain concrete surfaces broken 
by grooved lines or form marks to 
relieve the monotony of large smooth 
surfaces. Stone facing of concrete 
was avoided, except on river piers 
near the water level. 

The design of all structures which 
carry streets and highways is based 
on the Standard Specifications for 
Highway Bridges of the American 
Association of State Highway Officials 
and on the H20-S16-44 loading. 
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Bridges carrying railroad tracks were 
designed in accordance with the 
requirements of the various railroads 
concerned. 

The two major structures on the 
New Jersey Turnpike are the cross- 
ings over the Passaic and Hacken- 
sack rivers, both high-level bridges 
with long viaduct approaches. In 
the planning and general conception 
of their design, the two crossings 
had to be treated as a unit. On 
the selected Turnpike location, the 
two rivers are about two miles apart, 
and the alignments of the two 
crossings are therefore closely re- 
lated (Fig. 1). 

Both rivers are navigable. The 
requirements for shipping, width of 
channel and vertical clearances on 
each river called for approximately 
the same span arrangement and 
height of structure. Foundation con- 
ditions also appeared to be similar in 
character, although final subsurface 
investigations showed them in general 
to be more severe at the Passaic 
River crossing. The bridges are 
within the same section of the Turn- 
pike as regards traffic capacity, 
initial and final. 








Obviously this close proximity 
and similarity of physical condi- 
tions called for the same general type 
of structure at each site. Never- 
theless there was ample opportunity 
for the exercise of independent judg- 
ment in the detailed design of the two 
bridges by the two engineering firms 
charged with the preparation of 
final plans, and in the fabrication and 
erection by two different bridge 
companies. 


Alignment and Profile Prove Complex 


Establishment of the alignment and 
roadway profile for the two crossings 
involved extensive alternate studies 
and cost estimates. The stretch of 
about three miles within which the 
two bridges and their viaduct ap- 
proaches are located is crossed by nu- 
merous railroad tracks and yards, 
highways, industrial plants and utili- 
ties. Furthermore it was essential 
to plan the alignment with regard 
to the most practicable traffic inter- 
changes north and south of this Turn- 
pike section. 

One of the pivotal obstructions at 
the southern end of this section 
was the Pulaski Skyway which, at 
the selected intersection with the 
Turnpike, is an elevated structure 
about 90 ft high, with deep main 
trusses Studies made to find a 
means of bypassing the Skyway 
indicated that such bypassing would 
result in a more costly and otherwise 
undesirable alignment. It was there- 
fore a question of passing either 
under or over the Skyway. 

Going over the Skyway at an ele- 
vation of 120 ft above the ground 
would have involved long and ex- 
pensive approach viaducts and would 
have made it very difficult to plan the 
interchange at Raymond Boulevard, 
south of the Skyway. With the 
adopted maximum grade on _ the 
Turnpike roadway of 3 percent it 
would, however, have been the only 
practicable solution if the War De- 
partment had required a clear height 
over the rivers of 135 ft. This 
height had been established at other 
crossings of the two rivers, both 
downstream and upstream. 

Passing under the Skyway and 
over the immediately adjacent Ray- 
mond Boulevard was feasible with 
barely sufficient clearances, but per- 
mitted a fixed structure across the 
Passaic River with a clear height of 
not more than 110 ft at the channel 
lines. Available statistics of the 
traffic on the two rivers and informal 
inquiries addressed to shipping in- 
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SOUTH APPROACH of Passaic River Bridge (above) passes beneath deck trusses of Pulaski 
Skyway. Problem of alignment of Turnpike was complicated by numerous railroad tracks, 
utilities and industrial plants in this area. Economy dictated decision to go under rather than 





over the Skyway 


terests indicated that a 
ance over both rivers might be 
acceptable. Alternate designs and 
cost estimates for both 135- and 110-ft 
clearances were therefore prepared 
for both bridges with fixed super- 
structures. 

A study was also made for bridges 
with vertical-lift spans providing a 
clear height of 70 ft in the closed 


110-ft clear 


position and 135 ft in the lifted 
position. This design proved to be 
somewhat more costly even than 


the highest fixed structure. For this 
reason, and because of the objec 
tionable interruptions to the con- 
tinuous flow of Turnpike traffic, and 
more costly operation, this design 
was eliminated. 

Studies for the fixed, high-level 
designs were based on a structure 
with exceptionally long and deep 
continuous deck plate-girder spans. 
Consideration was also given to a 
tied-arch type of through span over 
the river channel. This would have 
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permitted a shallower floor structure 
under the roadway and lower, less 
expensive, approach viaducts. How- 
ever, like any through structure, it 
would have required wider and clum- 
sier piers, would have formed an un- 
desirable obstruction to a free view 
from the roadway because of the 
structure above the deck, and in its 
general appearance would not have 
harmonized with the adjacent ap- 
proach viaducts, for which the deck 
girder type was most satisfactory and 
economical. Estimates indicated 
only a relatively small, if not ques- 
tionable, saving in over-all cost in 
favor of a through span. 

Before the Turnpike was financed, 
it was possible to obtain a ruling 
from the War Department on the 
clearances at both river crossings. 
At a public hearing in October 1949, 
recommendation was made for a 
110-ft vertical clearance. There was 
practically no opposition, and the 
War Department approved this clear- 
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FIG. 2 (a) 


ance, which definitely fixed the more 
favorable profile. 

About 1,200 ft north of the adopted 
location of the Hackensack River 
crossing, an outcrop of traprock, 
called Laurel Hill, rises out of the 
marshland of the Hackensack 
Meadows. A Hudson County hospital 
is located on this rocky hill, which 
had. a determining influence on the 
alignment of the Turnpike. Al- 
though involving a somewhat less di- 
rect alignment, Laurel Hill proved a 
natural and economical abutment for 
the northerly approach viaduct of the 
Hackensack River Bridge, making 
this approach viaduct about 1,000 
ft shorter than the southerly approach 
viaduct of the same bridge and the 
two approach viaducts of the Passaic 
River Bridge. Moreover, the pres- 
ence of traprock permitted rela- 
ively shallow pier foundations to 
bedrock for a considerable distance 
south of Laurel Hill. The Turnpike 
roadway skirts the easterly side of 
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Laurel Hill and passes through a cut 
in the rock slope but does not inter- 
fere with the institution buildings. 

On the adopted alignment, the 
angle at which the Passaic River 
is crossed is close to 90 deg. This 
alignment required a central river 
span 375 ft long in order to keep the 
river piers and their fenders clear 
of the 340-ft channel. For the two 
flanking spans a length of 275 ft was 
found most appropriate. The two 
main girders over these three open- 
ings are continuous and are canti- 
levered about 31 ft shoreward of the 
end piers, supporting at their ends 
the 189-ft simple-span girders which 
form the remainder of the 220-ft 
approach spans adjacent to the river 
spans. The girders thus have a total 
length of 987 ft. 

Over the central part of each span 
the girders are 13 ft 3'/2 in. deep. 
For economy consistent with func- 
tional design, their depth was in- 
creased over the piers to 21 ft 6 in. 
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a depth which involved a_ longi 
tudinal splice of the web plates 
in that region (Fig. 2). 

The Hackensack River Bridge 


crosses the river channel at a con 
siderable skew, so that, although the 
channel is only 275 ft wide, the same 
central span of 375 ft was required to 
clear it. However, the length and 
arrangement of the adjacent spans 
and the depth of the girders differ 
somewhat from those of the Passaic 
River Bridge. 


Longest Single Plate Girders 


With a maximum span of 375 ft, 
these single plate girders rank at 
present as the longest of this type. 
The previous record, 330 ft, was held 
by the comparatively light girders of 
the lift span of the pedestrian bridge 
across the Harlem River, which was 
opened to traffic earlier this year. 
Several longer plate girder spans have 
been built in recent years in Germany, 
notably the 605-ft span of the bridge 
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HAUNCH GIRDER for Passaic River Bridge 
(left) is lifted into position on north river 
pier. Details of bearing stiffeners and field 
splice for center section are shown in Fig. 2 
(a) and (b) (facing page and above). 


across the Rhine at Cologne, which 
replaced the suspension bridge de- 
stroyed in the last war. The girders 
of these German bridges are, however, 
of the cellular box type. 

In developing the plate-girder de- 
sign for the Passaic and Hackensack 
bridges, the designers realized the 
unusual problems involved in fabri- 
cating and erecting single girders of 
such length and depth. They there- 
fore discussed these problems with 
competent fabricating and erecting 
concerns, who confirmed the practi- 
cability of the design. In fact these 
studies led to preliminary plans for 
a similar type of bridge which will 
carry a future extension of the New 
Jersey Turnpike across Newark Bay 
to Jersey City and will involve a 
channel span of 440 ft. This is 
probably the present practicable limit 
for this type of design. req 

Approach viaducts of both bridges 
range in height from 20 to 132 ft 
above ground. The deck is carried 
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throughout on pairs of simple-span 
plate girders with span lengths rang- 
ing from 76 to 189 ft. 


Economical Arrangement of Floor Structure 


Numerous comparative studies 
were made to determine the most 
suitable and economical arrangement 
of the floor structure. This depended 
largely on the width of roadway to 
be provided in the initial and ultimate 
stages. The two bridges are located 
within the portion of the Turnpike 
for which an initial traffic capacity 
of 6 lanes and an ultimate of 8 lanes, 
or a dual-dual highway, was con- 
templated. Preliminary designs and 
cost estimates were therefore de- 
veloped for both four-lane and six- 
lane initial structures. 

In the final plans, each structure is 
provided with two 36-ft roadways 
allowing for an initial capacity of 
six traffic lanes, with no provision 
for shoulders. It was assumed that 
if and when it becomes necessary to 
provide an eight-lane dual-dual high- 
way, a duplicate structure will be 
erected. Each structure will then 
have a four-lane capacity and an 
extra lane on each roadway to provide 
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adequate shoulders, a desirable fea- 
ture on a long elevated structure. 
The two roadways on the initial 
structure are separated by a slightly 
elevated mall 6 ft wide. Outside 
of each roadway there is a slightly 
elevated, open-grating, service and 
emergency walk, and a substantial 
box-type steel parapet with a pipe 
railing on top. This resulted in a 
total width of structure of 86 ft. 

The economic and esthetic ad- 
vantages of the deck plate girder de- 
sign, as compared with any type of 
through structure, is due largely 
to the possibility of placing the main 
girders entirely under the floor, thus 
permitting the most economical 
arrangement of the floor structure 
and comparatively narrow, graceful 
piers (Fig. 3). 

For the Passaic River Bridge, a 
distance between main girders of 
47 ft 10'/, in. was adopted, with a 
cantilever overhang of the floor 
structure of about 19 ft on each side. 
In the Hackensack River Bridge 
the arrangement differs somewhat in 
that the distance between girders is 
56 ft and the overhang 15 ft (Fig. 4). 

In the preliminary plans, compara- 
tive designs and cost estimates were 
made for both steel and reinforced 
concrete piers. The available in- 
sufficient information on subsurface 






































-—« 
ty, FIG. 3 
Be | 
" l | “I 
47104 185!" 
Center to center 
of bearings = +—_—4 
Ground line 
i! ee fo 
—~ Steel 
pies Sand 
i" = la £ silt 
Ww le al aaa aed f Ea a Ue: ww 
Rock fragments“ Bedrock 
CROSS SECTION ELEVATION FIG. 4 
asig}" - 
— 36' Roadway 







Pate 2 
36 Roadway —— OE 6! Mall 
Upper laterals 





















64 (Vol. p. 40) 


Lower laterals ——~ 


—_—— 47'10}" Center to center of girders cans 





r 
7163" Back to back L 





10°04" Back to back L 
18'5" 











conditions indicated that because of 
their lighter weight, particularly on 
the deep pile foundations, steel piers 
might be somewhat less expensive. 
A review after full boring data be- 
came available led, however, to the 
final adoption of the obviously more 
economical slender reinforced con- 
crete type of pier. 

For the Passaic bridge, the higher 
piers consist of two concrete shafts 
which, with concrete struts at top and 
bottom, form a rigid frame. The 
lower piers consist of only the two 
concrete shafts. 

The major part of the two crossings 
passes over the marshy ground of 
the Hackensack Meadows. For the 
preliminary location and design stud- 
ies, soil and rock profiles were ob- 
tained from available information 
on existing structures and from a 
limited number of new _ borings. 
From this information it was evident 
that no satisfactory soil stratum was 
available and that all pier foundations 
had to be carried to bed rock. In 
this section bed rock is at an average 
level of about 80 ft below the ground 
surface and at a maximum revealed 
depth of about 120 ft. 

This rock is the red sandy shale 
which underlies much of the northeast- 
ern part of New Jersey. It is rather 
friable when exposed, but possesses 
considerable load-bearing capacity 
when confined beneath deep over- 
burden. The material overlying the 
rock consists in general of a shallow 
meadow mat of peat resting on a 
deep, variegated deposit of silt, soft 
clay and fine sand, which offers no 
excessive resistance to the driving of 
piles yet is sufficiently firm to assure 
the lateral stability of pile foun- 
dations. 

With the exception of the two 
river piers of the Passaic River 
Bridge, and a number of piers at 
the northerly end of the Hackensack 
River Bridge approach in the vicinity 
of Laurel Hill, all piers are founded 
on clusters of partly vertical, partly 


PASSAIC AND HACKENSACK Bridges are 
structurally similar although full duplication 
was impracticable. Piers for both struc- 
tures are slender reinforced concrete, pen- 
tagonal shafts (Fig. 3). High piers have con- 
crete struts top and bottom, omitted on low 
piers. Transverse section (Fig. 4) is of 
Hackensack River Bridge. Passaic Bridge 
differs in minor details. 
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e of battered, steel H-piles of lengths 
on [upto 107 ft. 
iers At the Passaic River the rock 
sive. surface was found to be between 
be 40 and 45 ft below low water level, or 
the from only 20 to 25 ft below the 
10re bottom of the river. It was there- 
‘on- fore advisable to carry the bases of 
these piers down to rock. At the 
her Hackensack River Bridge approach 
afts near Laurel Hill, where rock is close 
and to the surface, the piers are likewise 
The founded directly on rock. 
two 
Total Bridge Lengths and Costs 
ngs 
of The total length of the Passaic 
the River Bridge with its approach 
ud- viaducts is 6,955 ft and that of the 
ob Hackensack River Bridge, 5,623 ft. 
ion Their costs of construction were 
| a respectively $13,700,000 and $9,500,- 
gs. 000—an average of $1,971 and $1,681 
ent per lin ft, or $22.92 and $19.55 
vas per sq ft of floor area. The greater 
ns cost of the Passaic River Bridge 
In is due to its greater length, less 
ige favorable alignment, severer foun- 
nd dation conditions, and more inter- 
led ference with construction by rail 
roads and utilities. Approximately — CONCRETE for Passaic River pier N-2 (top view) is poured from six transit-mix trucks at 
ile 60,000 tons of steel and close to one time. Tight schedule necessitated such high-speed methods. Lower photo shows steel 
st 100,000 cu yd of concrete were used piles for pier N-2 of Hackensack River Bridge, which are both vertical and battered. Piles 
er in the two bridges. were driven in dewatered cofferdam. 
eS Both bridges will be completed and 
ty ready for traffic in January 1952, or 
r- about 25 months after final planning 
he was started. This establishes a rec- 
Ww ord for the planning and construc- 
a tion of a structure of this type & Bergendoff for the Hackensack river piers and foundations by R. B. 
ft and magnitude, considering the heavy River Bridge, and of Ammann & Jaggard Engineering Co., approach 
10 demand for manpower and materials Whitney for the Passaic River Bridge. piers and concrete deck by Cayuga 
of stimulated by national defense activ- Edwards & Kelcey, Frederic R. Foundation Corp., steel superstruc- 
re ities. Harris, Inc., O. J. Porter & Co., ture by the American Bridge Com- 
n The design work and field super- Associated, Engineers for the grading pany. 
vision required the closest collab- and paving work on this section of On the Passaic River Bridge: river 
10 oration with the Authority staff, the Turnpike, were charged with piers and foundations by Under- 
or and with each other, by the three’ the establishment of the alignment pinning & Foundation Co., approach 
it engineering organizations mentioned and grades. piers by George M. Brewster & 
in the next two paragraphs. The major construction contracts Son, Inc., steel superstructure by the 
y Development of the final plans and were most creditably carried out Bethlehem Steel Company, and con 
d construction supervision were in by the following contractors: crete deck by Johnson, Drake & 
y charge of Howard, Needles, Tammen On the Hackensack River Bridge: Piper. 
Structural Committee of New Jersey Turnpike Authority 
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Ellis E. Paul, M. ASCE, Chairm Howard, Needles, Tammen & Bergendoff 
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. H. J. Williems, M. ASCE Fay, Spofford & Thorndike 
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Howard, Needles, Tammen & Bergendoff 


Consulting Engineers, New York, N.Y. 


SPEED of construction of Hackensack River 
Bridge is illustrated by two photographs taken a 
In September 1950 (photo at right) 
work on river piers had begun and swampy area 
in rear had been filled in to provide access to 
approach pier sites. By September 1951 (photo on 
facing page) all piers were completed and traveler 


year apart. 


was erecting final spans of south approach. 


NOT ONLY do the Hackensack and 
Passaic River 
longest plate girder spans ever built 
in this country, but considering the 
width of roadway and the dead and 
live loads carried, they compare 
favorably with the largest girder 
spans ever built. Their design pre- 
sented all the problems encountered 
in the design of other Turnpike 
bridges besides special problems of 
unusual interest. 


Time a Major Consideration 


Before discussing the special de- 
sign and construction features of 


these two bridges, it is of interest to 
Prelim- 


mention the time element. 





NORTH APPROACH of Hackensack River 
Bridge abuts on rock outcrop of Laurel Hill. 
Photo shows traveler in August 1951, just 
after it had erected upper half of fish-belly 
section over north river pier. 
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Bridges contain the 





HACKENSACK AND 





SEPTEMBER 1950 


Design, fabrication and erection 


inary studies and engineering reports 
indicating the feasibility of the en- 
tire Turnpike were submitted on 
September 15, 1949, after the un- 
precedentedly short time of four 
months. 

To further illustrate the effect of 
the time element on the design, 
the schedule of dates for receiving 
bids is presented: main river piers, 
February 1, 1950; approach piers, 
April 1, 1950; superstructure (ex- 
cept roadway deck), May 1, 1950 
It must also be realized that at least 
three weeks was allowed between 
the date of advertising and the date 
for receipt of bids. Thus the first 
contracts had to be ready to submit 


to bidders within 3'/, months after 
instructions were received to pro- 
ceed with the design of the Turnpike 
as a whole. 

When instructions to proceed were 
received, no final borings had been 
made and the final alignment had 
not been established. This pre- 
liminary work was of course started 
immediately and by mid-November 
had progressed sufficiently to permit 
final designs to be made. It was 
not until November that approval 
was obtained from the Department of 
the Army on the final vertical clear- 
ances for the two bridges over the 
Hackensack and Passaic Rivers. In 
the meantime the engineers had made 
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PASSAIC RIVER BRIDGES 


SEPTEMBER 


complicated by size 


many studies and preliminary designs 
to determine economical span lengths, 
girder spacings, cross sections, depths 
of girders, pier sections and all other 
details that had to be determined 
before final designs could be under- 
taken. 
Full Duplication Not Feasible 


During the period of preliminary 
studies, the two firms held a number 
of conferences on the subject of 
using duplicate details for the two 
bridges. It soon became apparent 
that, everything else being equal, 
the time element alone would not 
In addition, 
meet 


permit full duplication. 
special 


design problems to 


a 5 
Bi | 





1951 


of members 


clearances at points such as rail- 
road crossings and power stations, 
made it impractical to use the same 
spacings of girders. From discus- 
sions with the two principal steel 
companies, considering the large 
quantities of steel involved and the 
short time for fabrication and erec- 
tion, it appeared likely that all 
the work could not be handled by one 
company, and therefore that no 
benefit would be realized from dupli- 
cations in fabrication. This con- 
clusion was borne out by the bidding, 
since bids for both superstructures 
were received at the same time, and 
bidders were given the opportunity 
to bid on one or both of the contracts 


and thus to indicate any savings 
that might accrue as the result of 
taking both contracts. _ No such sav- 
ing was indicated. Since full dupli- 
cation was not possible, both engineer- 
ing firms exchanged their preliminary 
ideas and studies of economic span 
lengths, cross sections, etc., for such 
use as might be helpful in securing the 
desired uniformity of appearance, and 
then proceeded with the final designs to 
meet their individual problems and 
the time schedule that had been 
set up. 

The foundations followed general 
design outlines and presented no 
difficulties. To assist in the con- 
struction of the foundations, a low 
embankment fill, about 100 ft wide, 
was placed along the full length 
of the meadow area. This em- 
bankment furnished access to all 
pier sites and space for storage of 
materials and equipment, besides 
generally consolidating the mat area 
and adding stability to the ground 
around the pier bases. 


Steel Piles Chosen After Extensive Study 


A very extensive study was made 
of the comparative economy of using 
wood piles, steel H-piles, and cast- 
in-place piles. Because of the great 
depth to rock in places, especially 
along most of the Hackensack River 
Bridge, it would have been necessary 
to obtain a large part of the wood 
piles from the West Coast. The 
steel H-piles, with their greater 
carrying capacity, would permit the 
use of smaller footings with a min- 
imum of reinforcing steel and in- 
dicated appreciable economy over 
the other types studied. Designs 
were based on the carrying capacities 
given in the AASHO Specifications, 
and the steel piles used were designed 
to carry 50 tons of dead load plus 
live load and a maximum load of 75 
tons under all loads, including 50 psf 
for wind, temperature, traction, etc. 
Special steel points were provided 
to give adequate and suitable bear- 
ing on the shale, taking into account 


the eccentricity of the load from 
bearing on uneven rock 
Before deciding finally on steel 


piles it was necessary to determine 
whether there were any stray earth 
currents that would create a corrosion 
hazard to steel piling, and if so, 
whether such conditions could be 
overcome satisfactorily. A _ prelim- 
inary report, received in mid-Decem- 
ber from Albert F. Ganz, Inc., indi- 
cated the presence of electrical stray- 
current gradients in the earth having 
fluctuating direct-current railroad 
load characteristics. These gradients 
were thought to be due primarily to 
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the combined effects of the direct- 
current operation of the joint Hudson 
& Manhattan-Pennsylvania line be- 
tween New York and New yark, and 
of the electrified division of the Dela- 
ware, Lackawanna & Western Rail- 
road. 

In addition, this investigation in- 
dicated the probable presence of 
galvanic cell action in the soil, 
which would influence the corrosion 
rate of steel piles. This condition 
was later verified by separate chemi- 
cal analyses of soil samples taken from 
various depths, and as a _ result 
additional metal was added to the 
piles. 

The Ganz report stated the opinion 
that, from the standpoint of stray- 
current corrosion, steel H-piles could 
be used with safety provided the 
design of the piers incorporated 
certain recommended precautionary 
measures briefly as follows: 


1. Remove all organic meadow mat and 
peat, together with any cinder fill, unburned 
carbon or other chemically waste material, 
wood forms, from contact with the 
steel piles 

2. Keep all steel piles metallicly isolated 
from each other and from the steel super- 
structure 

3. Keep a minimum of 3 in. between 
steel piles and reinforcing steel and between 
reinforcing steel and steel anchor bolts of 
the superstructure steel. 

4. Use steel piles with a cross-sectional 
area at least 10 percent in excess of what 
would be normally used to meet structural 
and load requirements. 


etc., 


Since the corrosion from electro- 
lytic action occurs on the side of 
the pile away from the direction of 
flow of the electric current, the 
design assumed loss of metal on one 
side only, and gave full consider- 
ation to the resulting eccentricity 
of the section. The piles were de- 
signed to be safe for all design loads 
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for more than 100 years, using the 
maximum rate of loss as determined 
from the tests, and assuming that 
the current would be flowing con- 
tinuously. Under these assumptions, 
the pile cross-section adopted was 
approximately 20 percent above that 
required for normal load require- 
ments. Even with this excess metal, 
steel piles were found to be the most 
economical type. 

Probably the largest continuous 
plate- girder bridge previously con- 
structed in this country is the 
Charter Oak Bridge, crossing the 
Connecticut River at Hartford, Conn. 
This bridge is a similar three-span 
unit with end spans 270 ft long and a 
center span 300 ft long, and is de- 
signed for two traffic lanes in each 
direction. The two Turnpike bridges 
have end spans of practically this 
same length but their center spans 
are a quarter again as long, and their 
traflic capacity is 50 percent greater. 
The problems of fabricating, trans- 
porting and erecting the Turnpike 
bridge girders were consequently 
many times greater than those for the 
largest similar structure previously 
constructed. 

Maximum economy was a primary 
objective of the design, and the 
controlling feature of girder dimen- 
sions in this respect is naturally the 
depth. However, individual phases 
of the over-all construction, such as 
weight of metal, fabrication, trans- 
portation and erection presented di- 
verging requirements. A_ certain 
minimum depth was needed to pro- 
duce a size and form of flange which 
not only could be fabricated by 
normal plant equipment but which 
also would avoid the necessity of 
excessively long rivets with their 
consequent decreased strength. 

The flange areas required can be 
visualized from the design moments, 
which were a maximum of 44,000 
ft-kips in the end span, 123,000 ft- 
kips at the intermediate pier, and 
62,000 ft-kips in the center span 






































FIG. 1. ON Hackensack River Bridge, maximum moment at intermediate piers was 122,000 
ft-kips, which required a maximum flange area of 244 sq in. 
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=— ¢ Intermediate pier 


(Fig. 1). In the final design the larg- 
est flange area was 263 sq in. gross of 
silicon steel as compared with 163 
sq in. gross of the same material for 
the Charter Oak Bridge. 

Besides economy, another factor 
involved in the choice of girder 
depth was the deflections that would 
result. These had to be well within 
those permitted by the rigid specifi- 
cations and the best modern practice. 
The type of girder that gave most 
promise of meeting all these various 
requirements was a box girder or a 
pair of girders erected singly and 
field connected by diaphragms. This 
type is much stiffer horizontally and 
torsionally and therefore easier to 
handle and erect. However, before 
a final decision was reached, careful 
studies were made to determine the 
relative economy of box girders— 
which would eliminate horizontal field 
splices—and single web plate girders. 

Two constant-depth box girders 
were designed—one 12 ft 2'/» in. 
back to back of angles, and the other 
13 ft 8'/, in. back to back of angles 
with 60-in. cover plates. From the 
standpoint of economy alone, these 
box girders were too shallow over 
the interior piers, requiring much 
more flange area than the single 
web girder, and too deep at the cen- 
ters of the spans. Variations in the 
depth of the box girder would have 
somewhat reduced the amount of 
steel but would have increased fabri- 
cation costs. 

The insurmountable difficulty in 
obtaining economy in a box girder 
is largely due to the impossibility 
of providing two web plates which 
will be at the same time sufficiently 
thick to avoid buckling near the 
compression flange and not exces- 
sively thick to carry the shear. An 
additional drawback of the box 
girder was the greater number of 
field splices required to limit the 
weight of erection pieces to that for 
the single web girder. Comparative 
estimates, verified subsequently by 
independent estimates made by the 
largest fabricating companies, re- 
vealed that while the pound price 
of a double-web girder would have 
been less than that of the single-web 
girder, the total cost would have 
been greater. 

To achieve the most economical 
single-web girder, the two largest 
fabricating companies were consulted 
as to the maximum depth, length and 
weight of individual girder sections 
that could be fabricated, shipped 
and erected. On the basis of the 
advice received, more refined designs 
were prepared and conferences again 
held with the fabricators to obtain 
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SHOP WEB SPLICES 


a consensus of opinion on the most 
desirable location of field splices, 
both vertical and horizontal, to 
meet conditions of fabrication, ship- 
ment and erection. 

The final recommendations of the 
fabricators indicated that the fabri- 
cator with plants relatively close to 
the bridge sites was in a position 
to transport somewhat deeper sec- 
tions than the fabricator whose plant 
was beyond the Allegheny Moun- 
tains. On the other hand, the two 
fabricators were unanimous in their 
recommendations for the use of two 
vertical field splices in each 275-ft 
end span, and four such splices in 
each 375-ft center span. 

On the basis of these recommen- 
dations, both bridges, though not 
identical, were ultimately designed 
to have a maximum depth in the 
end and center spans of about 14 ft, 
secured with fish-belly sections ap- 
proximately 125 ft between splices 
over the intermediate piers, with a 
maximum depth overall of about 
22 ft 6 in. The recommended num- 
ber of vertical field splices was 
adopted, resulting in a maximum 
shipping length of about 130 ft and 
a maximum shipping weight slightly 
in excess of 100 tons (Fig. 2). 

The use of horizontal field splices 
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and Section BB) extend from cover plates to cover plates. 
ment was made possible by adopting European practice of designing 
heavy girders with single-angle flanges, with a large percentage of the 
flange area in the cover plates. 
Because of longitudinal splice, necessitated by large size of sections, 
each half of girder had little or no stiffness during shipment. 
fabricators were permitted to field splice all intermediate stiffeners. 


Symmetrical about 
center line of span 
except as shown 


rep 


Center line of 


splice cut web 


eeelheee et ee eee eee 


se * > rrr 















2 splice plates |e elefe « 2 fills 16" mn 
1e"xil" Ries 
‘i: D 
2 angles 7" x4" x2" 
31h 
= web plate (crimp 7) 
2 fills 4" xe" 
2 fills 4" 13" 
aS Ftt $4 4- 5 
Soswseeo 
os oo eco Oo 
wo Center line of / 
== longitudinal “ 
ae web splice 
eo 
& 
a 
a) 
™N 























FIELD SPLICE AT CENTER 
LINE OF SPAN 


FIG. 2. . BEARING stiffeners for Hackensack River Bridge (upper right 


This arrange- 


Typical web splices are shown above. 


Therefore 


introduced special problems in both 
fabrication and erection. Each half 
girder section would have little or no 
stiffness during shipment and erec- 
tion without vertical stiffeners. The 
fabricators were therefore permitted 
to field splice all intermediate stiff- 
eners at the longitudinal web splice. 
In addition the fabricator for the 
Hackensack River Bridge elected to 
furnish a temporary flange along 
the edge of the web for each half 
section. In general, these flanges 
remained in place until after erection. 
Permission to splice intermediate 
stiffeners did not, of course, apply 
to any bearing stiffeners extending 
across the longitudinal splice. 

There were few other problems not 
normally encountered in the fabri- 
cation of extremely heavy steel work. 
Grips of rivets in the heavy flanges 
naturally became long, particularly 
at field splices. In one bridge it 
was deemed expedient to resort to 
the use of high-strength rivets at 
splices. 

The most desirable distribution 
of the cross-sectional area of the 
flanges of the girders is affected by 
several factors. With four angle 
flanges, the inner pair of angles are 
not as effective as the same area 
would be in a cover plate. Moreover, 
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the vertical stiffeners are interrupted 
at the inner angles and probably are 
not as effective as they would be if 
one pair of flange angles were used so 
that the stiffeners could be lapped 
over the vertical legs of the flange 
angles. Past experience with four- 
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angle flanges has been satisfactory, 
and this objection to their use is 
probably minor. Wide cover plates 
are somewhat easier to splice than 
narrow ones. Elimination of the 
inner flange angles, by widening the 
cover plates, results in a minor saving 
because less steel is required and 
fewer pieces are needed. Wide cover 
plates provide greater transverse 
strength, which is highly advan 
tageous in handling and erecting long 
girder sections 

American normally 
limit the percentage of flange area in 
the cover plates. The desirability 
of this specification for ordinary 
bridges is unquestioned but it has 
apparently little theoretical justi 
fication.. A study of European plate 
girders revealed a number of bridges 
that depart greatly in this particular 
from normal American standards of 
design. Two European spans over 
300 ft long have an area of cover 
plates equal to about ‘*/; of the total 
flange area, giving the highest ratio 
ever used as far as we were able to 
determine. However, there are other 


specifications 


JERSEY TURNPIKE 


European bridges which approach 
this high ratio, and studies revealed 
five bridges that have more cover- 
plate area than the Turnpike bridges. 

After a thorough study of the 
problems involved, the design of 
the Hackensack River Bridge was 
made to follow more along the line of 
European practice, using two angle 
flanges with 34-in. cover plates. The 
258-in.-deep web plate is 1 in. 
thick and is reinforced with longi- 
tudinal stiffeners composed of two 
6 x 4x */s-in. angles. The designers 
of the Passaic River Bridge decided 
to follow the moreconventional Ameri- 
can standard, using four angle flanges 
with 26-in. cover plates and a web 
258 x */, in., reinforced with one 
S x 4 x '/»-in. longitudinal stiffener 
angle. 

Since the girders themselves have 
little torsional strength, and a cross 
section with two girders and one 
plane of lateral bracing offers little 
resistance to torsion, two planes of 
lateral bracing were provided. Dur- 
ing erection of the center span, 
torsional loads of considerable magni- 
tude were imposed on the structure, 
and the second lateral plane was 
especially useful at that time. 





Erection Problems Solved 

In heavy girder work, erection 
problems revolve primarily around 
the related considerations of weight 
of members to be handled, location 
of field splices, and use of falsework. 
On both bridges erection of the 
main river-span girders was _per- 
formed by travelers running on the 
bridge girders, to which the steel- 
work was delivered largely by barges. 
For the Hackensack River Bridge, 
one traveler with a capacity of 100 
tons was used, erecting to the splice 


point short of the center line of 
the center span. The traveler was 
then dismantled and re-erected on 


the other side of the river for erec- 
tion of the remainder of the span 
from thatend. For the Passaic River 
Bridge two travelers, each with two 
booms having a confirmed capacity of 
about 200 tons, were used, erecting 
simultaneously from each end. 

On the Hackensack River Bridge, 
all end and center-span girder sec- 
tions, shipped in upper and lower 
halves, were assembled prior to 
erection and raised as single units. 
In the case of the sections over the 
central piers, the lower and upper 
halves, averaging slightly over 90 


TWIN-BOOM travelers erected closing sections of both girders of Passaic River Bridge 


simultaneously. 


Sections had been floated to site by barge. 
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tons each, were erected separately. 
Auxiliary bearing stiffeners were fur- 
nished to receive the reaction prior 
to placing of the permanent, full- 
length stiffeners. 

On the Passaic River Bridge, 
the upper and lower halves of each 
central-pier section were completely 
assembled, and the resulting 172-ton 
section was raised by both booms of 
the traveler. 

The erection procedure on both 
bridges required the placing of a 
temporary steel bent at each splice 
point of the end spans. Since splices 
are not located at points of contra- 
flexure, the height of bents was 
carefully adjusted to bring the splice 
points to their no-load, cambered 
elevation. The splices were riveted 
while the girders were under a con- 
dition of nominal stress. Thus the 
theoretical outline of the end spans 
was retained as far as possible. 

Since navigation requirements pro- 
hibited the use of falsework under 
the center span, cantilever erection 
became a necessity. Under these 
conditions of erection, the ends of 
the two cantilevers would sag well 
below the final elevations in the 
three-span continuous _ structure. 
Furthermore the tops of the canti- 
levered girders would be too close 
together, and the bottoms too far 
apart, for insertion of the closing 
section. It was therefore necessary 
to rotate each of the two canti- 
levered plate girders in a_ vertical 
plane about the pins of the shoes on 
the two central piers to bring their 
outer ends to the same elevation 
and into a vertical plane. 

To assure longitudinal clearance for 
insertion of the closing section under 
a range of temperatures, it became 
necessary to pull back one of the 
two cantilevers. Vertical rotation 
was produced by removing the shoes 
on the end piers, lowering the ends 
as necessary to bring the canti- 
levered ends to the desired vertical 
and angular positions, and by fur- 
nishing temporary supports for the 
spans in place of the shoes that had 
been removed. 

With the outer ends of the two 


cantilevered sections at the same ele- 


vation and practically vertical, and 
with the distance between these ends 
such as to provide a slight erection 
clearance, the span was ready to 
receive the central, closing sections 
of the girde’ Since jacking had 
to be performed simultaneously on 
both girders of each section, tem- 
porary bracket supports (shown in 
photos on this page) for the closing 
sections were provided on the ends of 
the two cantilevered sections. The 
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CLOSING SECTION of Hackensack River Bridge was erected by single-boom 


traveler. 


First, closing section was lifted from barge (top). 


Then it was 


hoisted into position (center), and finally it was rested on special temporary 


brackets (bottom). 


Jacks at outer ends of both north and south spans pivoted 


cantilevered girders around river piers and moved them longitudinally so 


that splice holes matched. 


two closing sections were then landed 
on these bracket supports, and the 
cantilevered sections were jacked 
longitudinally to close with the cen- 
tral section and jacked vertically at 


their outer ends as necessary to 
match the splice holes. Splice ma- 
terial was then erected and com- 


pletely fitted up under a condition 
of practically zero stress. Next, the 
outer ends of the central sections 
were jacked so that the temporary 
bracket supports could be removed. 
Finally, the girders were replaced 
on their permanent shoes. 


Much credit for the design work 
and construction supervision is due 
to the following key personnel: Mil- 


ton Brumer, M. ASCE, Werner 
Ammann, M. ASCE, L. H. Just, 
and Roy F. Wheadon, Assoc. M. 


ASCE, of Ammann and Whitney; 
and Charles H. Clarahan, Jr., M. 
ASCE, J. Henry Leon, and L. D. 
Brown, M. ASCE, of Howard, Nee- 
dles, Tammen & Bergendoff. I also 
wish to express my deep appreciation 
to Mr. Clarahan and Mr. Leon, who 
were most helpful in preparing data 
for this article. 
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THE FIRST meeting of the engi 
neering firms engaged by the New 
Jersey Turnpike Authority was 
called by Charles M. Noble, M. 
ASCE, Chief Engineer of the Author 
ity, in October 1949 and was at 
tended by representatives of all the 
section engineers, the consulting engi 
neers, and the Turnpike engineering 
staff. The question uppermost in 
everyone's mind at that time was 
whether the Turnpike would be 
black or white. A very preliminary 
discussion indicated that if the 
thirty engineers present were each 
to select a type, there would be 
thirty pavements, no two of which 
would be identical. It is truly amaz 
ing that such a wide divergence of 
opinions can exist on such an im 
portant engineering problem. It 
shows that the engineering profession 
is as open minded as ever on this 
matter. 

The Authority had requested the 
advice of its engineers as to the 
type of pavement that would stand 
up best under extremely heavy truck 


72 (Vol. p. 48) 


NEW JERSEY TURNPIKE 


Flexible-type 





SECOND COURSE of asphaltic concrete is 
spread on penetration macadam base by 
Barber-Greene equipment on Section 2 of 
Turnpike. 





loads and insure good and economi- 
cal service for the life of the Turn- 
pike bonds. It was apparent that 
many meetings and frank exchanges 
of knowledge, experience and opin- 
ions would be needed to prepare a 
satisfactory design. To accomplish 
this, the New Jersey Turnpike 
Paving Committee was formed, con- 
sisting of one man from the office of 
each section engineer and one from 
the office of the consulting engineer. 
The personnel of the Paving Com- 
mittee is shown in the box on page 76. 

The committee was charged with 
two principal tasks: (1) to develop a 
typical grading section which could 
be used immediately on the grading 
and drainage contracts and which 
would be suitable for whatever type 
of pavement was eventually chosen; 
and, (2) to develop designs for both 
a rigid and a flexible pavement suit- 
able for use on the Turnpike. 

The committee was advised that 
parts of the Turnpike were to have a 
24-ft and parts a 36-ft roadway on 
each side of a 26-ft center dividing 





strip, with a 16-ft shoulder on the 
outside, 10 ft of which was to be im- 
proved, and a slope of 1 on 4 beyond 
the shoulder to a low point a mini- 
mum of 5 ft below the finished pave- 
ment grade. This section would pro- 
vide a ditch of ample depth to drain 
the subgrade. 

The first step was relatively easy. 
In the course of two or three meet- 
ings, a section acceptable to all con- 
cerned was selected and the grading 
plans for the Turnpike were rushed 
to completion. 

The chosen section required exca- 
vation of all materials to 36 in. below’ 
the finished pavement grade. From 
36 to 24 in. below grade the backfill 
was to be a pervious frost-resistant 
material having not more than 10 
percent passing the 200-mesh sieve, 
having a plasticity index of not more 
than 6 and a California Bearing Ra- 
tio of not less than 15 percent. From 
24 to 8 in. below the finished grade 
the backfill was to be a pervious, 
frost-resistant material having not 
more than 6 percent passing the 200- 
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Chief, Highway Division 


Gannett, Fleming, Corddry & Carpenter, Inc., Engineers 


pavement selected 


Harrisburg, Pa. 





FIG. 1. FLEXIBLE asphaltic concrete pave- 
ment 12 in, thick was adopted on basis of 
bid price $5,100,000 lower than that for 
rigid concrete pavement 10 in. thick. 
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TYPICAL HALF SECTION, NEW JERSEY TURNPIKE 





mesh sieve, a plasticity index of not 
more than 3, a California Bearing 
Ratio of not less than 20 percent, and 
conforming to the P.R.A. Classifica- 
tion A-3. The finished grading sec- 
tion was 8 in. below grade at the 
center line, with a 2 percent cross 
slope for temporary drainage prior 
to paving. Material from 3 ft to 4 ft 
below the finished grade was com- 
pacted to 90 percent of the modified 
AASHO standard; above that to 95 
percent. This applied to both cuts 
and fills. 

The second task proved more diffi- 


‘cult and required many hours of re- 


viewing the literature and data 
furnished to the committee by vari- 
ous interested parties, followed by 
meetings to discuss this material. 
The Portland Cement Association, 
the Asphalt Institute, various offi- 
cials of New Jersey, Pennsylvania, 
Massachusetts, and other state high- 
way departments, contractors and 
material producers were all helpful 
and supplied the committee with 
much of its basic data. 
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The first problem was to choose a 
suitable design load. A study of 
loadometer tests in New Jersey 
showed that axle loads of more than 
45,000 Ib might be expected on the 
Turnpike. New Jersey laws were 
not too clear on the maximum legal 
load, and legislation was pending 
which would restrict the loads and 
bring them more in line with those 
permitted in surrounding states. 
This pending legislation provided a 
five-year change-over period in which 
the trucking industry might convert 
its equipment. Thus it was con- 
sidered necessary to have a design 
load in excess of the 22,400-lb axle 
load contemplated in the new laws, 
but less than the 45,000-Ib axle loads 
occasionally encountered, which were 
expected to become less frequent 
under the new legislation. A com- 
promise axle load of 36,000 Ib was 
finally recommended by the Com- 
mittee and agreed on by the Author- 
ity. 

Designs were developed both for a 
flexible pavement and for a rigid 


pavement as follows. The flexible 
pavement design consisted of a 6-in. 
pervious non-frost-active subbase; 
two 3-in. layers of waterbound- 
macadam base course; a 2-in. layer 
of penetration-macadati base course; 
and 4'/, in. of asphaltic concrete 
surface course. The asphaltic con- 
crete was to be laid in a 2'/»-in. 
binder course and a 2-in. surface 
course. Side forms were to be used 
to insure a sharp edge on the pave- 
ment and a smooth riding surface. 
The 6-in. subbase was specified to 
consist of well graded crushed rock, 
slag, or gravel of a durable and frost- 
resistant character. It was felt that 
such a choice would encourage the 
use of local materials and would be 
economical. Grading requirements 
were specified to insure a material 
that could be compacted and still be 
sufficiently porous to drain well. 
The 6-in. depth was to be placed in 
two layers to insure maximum com- 
paction. 

The base course, which was de- 
signed to consist of two 3-in. layers 
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FIRST COURSE of macadam stone 
is placed on compacted, frost-re- 
Macadam was 
bound with penetration asphalt 
using 3.2 gal of asphalt per square 


sistant subbase. 


yard of 7'/,-in. subbase. 


of waterbound macadam and a 2-in. 
layer of penetration macadam, is the 
equivalent of many secondary roads 
throughout the East. Crushed stone 
or crushed gravel fully choked with 
screenings was specified for the water 
bound base. For the 2-in. penetra 
tion course, crushed stone was speci- 
fied, using from 1.6 to 1.8 gal of as- 
phalt per sq yd. Sufficient chips to 
fill the surface voids were to be added 
while the bituminous binder was still 
liquid. A rubber-tired roller weigh- 
ing 25,000 Ib per wheel was specified 
for compacting the top course of the 
waterbound macadam, in addition 
to the conventional rolling of each 
individual layer. 

The asphaltic concrete was de- 
signed to consist of a 2'/.-in. leveling 
or binder course and a 2-in. surface 
course. These were to be a plant mix 
and hot laid. A tack coat was speci- 
fied for the macadam base course 
before the leveling course was placed. 

The adequacy of the flexible pave- 
ment to support the design load was 
checked by various methods such as 
the design charts prepared by the 
Corps of Engineers, the symposium 
of flexible pavement design pub- 
lished by the American Society of 
Civil Engineers in January 1949, and 
the prevailing designs in use by 
nearby state highway departments. 


A Rigid Pavement Also Designed 


The so-called rigid pavement de- 
sign recommended by the committee 
consisted of a 10-in.-thick standard- 
type portland cement concrete pave- 
ment on a 6-in. pervious subbase, all 
supported by the compacted selective 
subgrade previously described for the 
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flexible pavement. The 6-in. per- 
vious subbase design was substan- 
tially the same as that specified for 
use under the flexible pavement. 
The details of the slab design were 
briefly as follows. 

Control joints were to be spaced 
78'/. ft center to center and were to 
consist of treated, clear sound lum- 
ber '/, in. thick, extending from the 
bottom of the slab to within */, in. 
of the top of the slab. A rubber latex 
joint filler was specified for water- 
tightness. Round steel dowels 1'/, 
in. in diameter spaced on 12-in. cen- 
ters were used to transfer the loads 
across the joints. These dowels were 
to be of a corrosion resistant metal 
or with equivalent protection, held 
firmly in a rigid frame and meeting 
the performance specifications of the 
New Jersey Highway Department. 

Reinforcement was to average 
about 5'/, Ib per sq yd of pave- 
ment—sufficient to prevent cracking 
of the slabs—and was to be placed 
between 2 and 3 in. below the sur- 
face. More steel was to be used in 
the middle third of the slab length 
than near the ends. 

Construction could be either in 12- 
or 24-ft lanes at the option of the con- 
tractor, the lanes to be tied together 
by ‘/s-in. round tie bars 30 in. in 
length, spaced 26 in. on centers. A 
screw or lock type of tie bar of equal 
strength could be used. 

Air entraining cement was recom- 
mended in a mix containing 6 bags of 
cement percu yd. A 1-in. maximum 
slump was specified. Preliminary 
finishing was to be kept at a mini- 
mum to prevent bringing excessive 
fines and mortar to the surface. 








Brooming was recommended to ob- 
tain a non-skid light-reflecting finish. 

The adequacy of the design to 
take the assumed design loads was 
checked by the methods set forth in 


Concrete Pavement Design, pub- 
lished by the Portland Cement Asso- 
ciation in 1946, using a A value of 
150. There was such a wide dif- 
ference of opinion as to the proper K 
value to use that a value was finally 
decided on by taking the average of 
the recommendations of the various 
committee members. 


Three Types of Shoulders Studied 


Shoulders should be able to sup- 
port, at infrequent intervals, the 
heaviest trucks using the Turnpike. 
They should provide a seal to keep 
water out from under the roadway 
pavement, and they should have a 
different appearance from the main 
pavement to discourage their use 
as a regular traffic lane. Three differ- 
ent designs were prepared by the 
committee, as follows. Where a high 
intensity of very heavy traffic was 
anticipated, a 10-in. depth of shoulder 
consisting of 7 in. of subbase material 


topped by 3 in. of penetration maca-’ 


dam was recommended. This is a 
high-type shoulder, quite expensive, 
and would be used only in special 
cases. 

The second design, for locations 
where a moderate intensity of heavy 
traffic was anticipated, called for a 
compacted thickness of 10 in. of sub- 
base material with a double bi- 
tuminous surface treatment. 

The third shoulder design con- 
sisted of a 10-in. compacted thick- 
ness of pit-run gravel or crusher-run 
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SMALL CRAWLER VIBRATOR (below) consoli- 
dates base stone. At right, choke stone is rolled 
into penetration macadam subbase 





FIRST COURSE of asphaltic concrete is spread and rolled near North Camden 
Interchange. Altogether, 3,900,000 sq yd of Turnpike pavement was laid. 


» ob- stone. The second shoulder design, 
nish. calling for a double bituminous sur- 
n to face treatment, has been used 
was throughout most of the Turnpike. 
th in 


Authority Decides to Take 


one Alternate Bids 
SSO 
le of The Pavement Committee sug- 
dif- gested four choices to the Authority. 
er K These were as follows: 
lally 1. Pave with rigid-type pave- 
se of ment. Cement was readily avail- 
ious able in the five southern sections at 
costs not subject to appreciable 
variation. Aggregates would be 
readily available at reasonable cost 
sup- if competitive conditions were pres- 
the ent. The rigid pavement requires 
ike. slightly more labor than the flexible 
reep type and would make this item some- 
way what less expensive in Sections 1, 2 
ea and 3 than in Sections 4 and 5 by 
lain reason of a slight difference in the 
use rates for common labor. Further- 
Tfer- more the greater labor supply in the 
the three southern sections and more 
igh freedom from jurisdictional disputes 
— favored greater efficiency and de- WITH asphaltic pavement in place, Apsco spreader places gravel on inner 
der creased cost of portland cement con- shoulder, followed by wobble-wheel roller, in farming country on Section 1. 
rial crete there. 
ca-* - 2. Pave with a flexible-type 
sa pavement. Sections 6 and 7 over the 
ve, marsh area at the northern end 
‘ial probably will settle somewhat for a 
long period and for that reason the 
ns flexible pavement was considered to 
vy be preferable there. Asphalt was 
ra readily available in the remaining 
1b } five sections and was not subject to 
bi- appreciable fluctuations in cost. Ag- 
gregates were readily available in 
n- Sections 4 and 5, but in Sections 1, 
*k- 2 and 3, considerable importation 
unl would probably be necessary. The 
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labor conditions were similar to those 
mentioned for rigid pavement, but 
would be effective to a lesser degree. 
3. Pave with both types. This 
scheme would involve the maximum 
use of locally available material and 
facilities, and would utilize the wid- 
est variety of construction equip- 
ment. A reasonable place to change 
the type of pavement would be at the 
Raritan River, with rigid pavement 
to the south and flexible pavement 
to the north. The committee was 
unanimous in having no objection 
to the use of more than one type of 
pavement on the Turnpike. 
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4. Take alternate bids. This 
method probably would result in the 
lowest pavement cost and introduce 
the greatest competition into the 
bidding. The Authority was ad- 
vised that the initial cost of pave- 
ment was not the total cost but that 
the award of contracts on any other 
basis than the initial cost would not 
be an easy matter. 

The Turnpike Authority decided 
on the fourth choice—to take alter- 
nate bids. Accordingly, contract 
plans were prepared for both types 
of pavement and duly advertised. 
The bid prices totaled approximately 
$40,300,000 for bituminous con- 
crete versus $45,400,000 for portland 
cement concrete, or a difference of 
$5,100,000 for the 3,900,000 sq yd of 


Paving Committee of New Jersey Turnpike Authority 


Memuer FiRM SECTION 
0. J. Porter, M. ASCE, Chairma» Edwards & Kelcey, Frederic R. Harris 6,7 
Inc., O. J. Porter & Co 
Elmer K. Timby, M. ASCE, Vice Howard, Needles, Tammen & Bergendoff 
Chairman Consulting Engineer) 
]. K. Knoerle, M. ASCE J. E. Greiner Co 1 


John R. Dietz, Assoc. M. ASCE Gannett, Fleming, Corddry & Carpenter 2 
Inc 

Douglas R. Sayer Parsons, Brinckerhoff, Hall & Macdonald 3 

Cc. BE. DeLeuw, M. ASCI DeLeuw, Cather & Co 4 

W. L. Hyland Fay, Spofford & Thorndike 5 



























THIRD COURSE 


THREE COURSES of asphaltic 
concrete are clearly visible in 
this photograph. Originally 
two courses with side forms 
were specified. Contractors 
agreed to place 4'/;-in. depth 
of bituminous concrete in 
three courses if side forms 
were eliminated. 


SMOOTHNESS OF PAVE- 
MENT was checked by 
three-wheeled indicator. If 
center wheel moved up or 
down more than specifica- 
tions allowed, bell rang and 
spot was marked for rerolling. 





pavement involved. After all the 
bids were received, the Authority 
awarded the paving contracts for 
flexible pavement (Fig. 1). 

Shortly after the award of these 
contracts, Savin Construction Co., 
the successful bidder in Section 2 
made a proposal to substitute an 
asphalt penetration base course for 
the waterbound macadam base 
course specified. The proposal was 
that 7'/, in. of penetration base be 
placed in two layers instead of the 8 
in. of macadam base consisting of 6 
in. of waterbound macadam and 2 
in. of penetration macadans. The 
'/,-in. differential in depth was to be 
made up by increasing the thickness 
of the subbase from 6 to 6'/¢ in. 
The contractor offered a total of 3.2 
gal of asphalt cement per sq yd in 
the base course and a credit of 10 
cents per sq yd on the price of the 
pavement. 

The use of a penetration base had 
been discussed at various times by 
the Pavement Committee. At a 
general meeting of the committee 
with the Authority engineers in May 
1950 it was decided that the water- 
bound courses were entirely adequate 
to support the design loads, and based 
on the cost figures which the com- 
mittee had, the waterbound base 
was less expensive than the pene- 
tration base. Within a short time, 
however, the remaining successful 
bidders on the pavement contracts 
made similar requests to the Turn- 
pike Authority. Eventually it was 
decided to use the asphalt penetra- 
tion base throughout the Turnpike. 

The pavement contractors made 
another request which the Turnpike 
Authority accepted, with the con- 
currence of its engineers and the Pav- 
ing Committee. Side forms had 
originally been specified, but the con 
tractors offered to place the 4'/,-in. 
depth of bituminous concrete in three 
courses instead of two courses as speci- 
fied, if the side forms could be elimi- 
nated. The contractors agreed that 
the elimination of the forms would 
in no way alter the requirements of 
the specifications regarding the line, 
grade and riding qualities of the pave 
ment. 

The asphalt penetration base 
provided the contractors with an ex 
cellent haul-road as soon as their 
first layer of stone had been pene- 
trated and choked, thus greatly ex 
pediting the construction work. For 
various reasons, many of the grading 
and drainage contracts got behind 
schedule, and it would have been 
difficult to complete the pavement in 
the time available if the original de 
sign had been adhered to. 
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ASPHALTIC CONCRETE PAVING for Sections 3 and 4 of Turnpike was supplied by four Madsen batching plants (two shown above) with 


4,000-lb pug mills. 
hot-mix asphaltic concrete in single day. 


Each plant could produce 125 tons per hour, and four batching plants established record production of 6,200 tons of 
These plants, located at Cranbury, produced asphaltic surface course for 45 miles of Turnpike. 


Construction of asphaltic concrete 


LESLIE M. STEWART, Special Bit 


AFTER the pavement bids were re- 
ceived and the decision made to utilize 
asphaltic concrete for the Turnpike 
pavement, meetings of the Turnpike 
Authority engineers and their con- 
sultants were held to arrange a pro- 
gram for the design of mixes and ade- 
quate engineering control of this 
phase of construction. 

Since the entire Turnpike project 
was divided into seven sections, 
each under the direct supervision 
of a nationally known engineering 
organization, it was the problem 
of the Turnpike engineers, assisted 
by their consultants, to arrange a 
program for paving work such that, 
on all seven sections: (1) the design 
of mixes would be similar; (2) the 
methods of controlling the mix would 
be adequate and practical; (3) con- 
trol of paving methods would be 
similar and such that contractors 
would be able to proceed at a rapid 
pace; and (4) paving inspection would 
be adequate to keep to a minimum, 
areas in need of correction or repair. 

To accomplish these aims a meet- 
ing was held in Trenton at which 
the engineers and inspectors on all 
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seven sections were briefed to famil- 
iarize them with the plans for con- 
struction and control of the paving 
work. Discussions were presented 
on each phase of the operations so 
that those engineers not wholly 
familiar with asphaltic concrete could 
acquaint themselves with this type 
of construction, while those more 
experienced could assist the others 
and enlarge their own knowledge. 

The terrific traffic load to be 
carried by the Turnpike complicated 
pavement design. The strength and 
stability of a bituminous concrete 
roadway depend directly on the con- 
struction of the entire pavement 
cross-section from the subgrade to 
the finished surface. For the Turn- 
pike, it was necessary to secure a 
pavement capable of: carrying axle 
loads of 36,000 Ib; resisting expansion 
and contraction; providing the maxi- 
mum practicable traction for fast 
moving rubber-tired vehicles; supply- 
ing a surface texture that would be 
practically the same on all 
sections; and meeting requirements 
for riding quality of the highest order. 

These considerations demanded an 


seven 


Itant, New Jersey Turnpike Authority, Trenton, N.J. 


asphaltic concrete sufficiently stable 
in the lower courses to withstand 
loading, and sufficiently flexible to 
withstand variable weather condi- 
tions. They required a wearing sur- 
face constructed with the necessary 
flexibility, laid to provide smooth 
riding, but also with a texture to re- 
sist skidding. 

The section engineers investigated 
all surrounding areas for local mate- 
rials that could be utilized. In the 
southernmost sections of the Turn- 
pike satisfactory dolomitic rock was 
available for coarse aggregate and in 
the northern sections trap rock was 
available. Sands for fine aggregate 
were found in most sections. Gen- 
erally however, the fine and coarse 
sands had to be blended to obtain the 
desired gradation. Varying amounts 
of fillers could be added where needed, 
and the various section engineers, 
with the assistance of their bitumi- 
nousconsultants, prepared preliminary 
mixes and made preliminary tests to 
determine the desired mix. 

The tests used for determining 
approval of the various design mixes 
were generally: a stability test to 
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TABLE I. 


JERSEY TURNPIKE 


AVERAGE SIEVE ANALYSIS OF MATERIALS 


USED FOR ASPHALTIC CONCRETE PAVEMENT 


LEVELING 
Course Mix, Cc 
Sieve Size > Passing , 
1 in 100 
3/, in 05 
4/5 in 63 
No. 4 38 
No. 8 32 
No. 30 22 
No. 100 6 
No. 200 3 
Asphalt cement 
(added) 4.9 


determine strength by the Marshall 
test; a flow test to determine flexi- 
bility; a percentage-of-voids test to 
determine density and asphaltic con- 
tent; and a gradation test to deter- 
mine surface texture. 

The total thickness of 4'/, in. of 
bituminous concrete was to be placed 
in three 1'/>-in. courses—two leveling 
courses, and a top wearing course. 
The largest particle size of coarse 
aggregate allowed was 1 in. for the 
leveling courses and */, in. for the 
wearing surface. Results of tests 
by the section engineers were studied 
by the writer, and some changes were 
made to give uniformity in all sections 
before the mixes were approved and 
the paving started. 

The mix designs approved for the 
seven sections were quite similar in 
appearance and texture although 
they varied somewhat in physical 
characteristics. The average extrac- 
tions and gradations for leveling and 
wearing courses were approximately 
as shown in Table I. 

The average characteristics of the 
mixes from all sections were approxi- 
mately as given in Table II. 

The greatest difficulty was to 
obtain a gradation of aggregates that 
would give the desired stability, flow, 
and texture, and at the same time 


TABLE Il. AVERAGE CHARAC. 
TERISTICS OF ASPHALT MIXES 


LEVELING SuRPACE 
Course Course 
Mixing temperature . 205°F 295°F 
Stability by Marshall 
test 1,885 1,580 
Density (theoretical 
RD « 6 « 2.55 2.50 
Density (average field) 96% 97% 
Flow by Marshall test 9 ll 
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New Jersey TURNPIKE 
SPECIFICATIONS, “% 


WEARING - 
yuRSE Mrx, Leveling Wearing 
> Passing Course Mix Course Mix 
None 100 None 
100 100 
72 50-70 60-80 
44 32-46 40-52 
38 25-36 30-42 
24 16-26 15-25 
6 5-12 6-12 
3 1-5 2-6 
5.6 4.5-5.5 5.0-6.5 


have sufficient voids so that the pave- 
ment would expand and contract 
normally under variations in temper- 
ature. The mixes were designed so 
that after heavy construction traffic 
had used the roadway for some time, 
the amount of voids would be approx- 
imately 4 percent, as shown in Table 
II. This required a choked grada- 
tion of the coarser particle size of the 
fine aggregate and in a few instances 
the establishment of the upper speci- 
fication limit for the intermediate 
material on the design curve. Close 
control of mixes at the plant, com- 
bined with careful inspection in the 
field, were the principal factors in 
maintaining uniform yet rapid pro- 
duction by the contractors. 

After the job-mix formula had been 
established, all mixes were required 
to conform to it within the following 
ranges of tolerances: 


Passing */s-in. and larger sieves +5% 


Passing Nos. 4 to 30 sieves, inclusive +3% 
Passing No. 100 sieve +2% 
Passing No. 200 sieve +1.0% 
Amount of asphalt cement added +0.2% 
Temperature of mix on delivery +15°F 


Basically, the procedure for mix- 
ing asphaltic concrete is to blend 
coarse aggregate, fine aggregate, filler 
and asphalt cement at a specified 
temperature to give a homogeneous 
mixture which will remain workable 
until it attains a normal temperature. 
Such a mix, of course, is designed to 
be placed on a firm base. 

To obtain uniform production from 
asphalt batching plants, certain con- 
trols and check points along the 
assembly line must be maintained. 
Before production was started at any 
of the various plants, an over-all 
inspection of each plant was made 
with emphasis on the method of feed; 
the capacity of dryer, screens and 
aggregate bins; the automatic con- 


trols of the weigh box; and the pug 
mill. When these items were found 
satisfactory, the contractor was per- 
mitted to proceed. 

Aggregates were inspected at the 
quarry for gradation and freedom 
from dust and foreign material before 
acceptance. At the mixing plants 
they were proportioned into the 
cold-feed elevator so that the flow 
through the hot bins would be uni- 
form. Discharge of aggregate from 
the dryer at constant temperature was 
maintained by controlling the rate of 
feed into the cold-feed elevator. 

Batch weights of the aggregates 
drawn from the bins—in most cases 
there were four bins—were controlled 
automatically. The hot aggregate 
was discharged into the pug mill and 
mixed for approximately 10 sec, 
then the asphalt was added, after 
which mixing continued for 45 sec to 
obtain a thoroughly blended asphaltic 
concrete. The mass was then dis- 
charged into a truck, its temperature 
checked, and the load covered for 
protection en route to the spreaders. 

At each plant a field laboratory 
was operated by the section engineer 
to make complete tests of aggregates 
and hot mixes. These laboratories 
were equipped to run aggregate 
gradations, extractions, and the Mar- 
shall tests for stability, flow, and 
density. An independent commer- 
cial laboratory placed an inspector 
at each refinery from which asphalt 
was delivered to the job. These 
inspectors sampled and sealed each 
load so that approval was secured 
prior to use. In addition to these 
tests, cores were removed from the 
pavement and sent to the same 
commercial laboratory for a check 
test of the results previously obtained 
by the section engineers. 

The plant inspection personnel 
generally consisted of three men 
familiar with mixing-plant controls 
and operations. The duties of one 
man were concerned principally with 
cold aggregate control; temperatures 
of aggregates, asphalt cement, and 
mixtures; and general plant opera- 
tion. The other two men generally 
performed laboratory work consisting 
of frequent tests of gradations in the 
fine aggregate bin, gradations in the 
coarse aggregate bins, extraction and 
gradation of the mixes, asphalt pene- 
trations, and Marshall stability, flow, 
and density tests. Adequate and 
complete records were kept by the 
laboratory staff. 

The following plants were used on 
the various sections: 


Section 1: 
2 Madsen batching plants, with 4,000-Ib pug 
mills 
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Section 2 
1 S-80 Simplicity batching plant 
1 S-100 Simplicity batching plant 
Sections 3 and 4 
4 Madsen batching plants, with 4,000-lb pug 
mills 
Section 5 
1 Madsen batching plant, with 4,000-lb pug 
mill 
1 Warren Brothers batching plant, with 3,000- 
Ib pug mill 
1 McCarter batching plant, with 5,000-Ib pug 
mill 
Section 6 
1 Warren Brothers batching plant, with 3,500- 


lb pug mill 
1 McCarter batching plant, with 4,000-Ib pug 
1 SaeCarter batching plant with 5,000-Ib pug 
mili 

Section 7 

2 Cummer batching plants, with 5,000-lb pug 

mills 

1 Standard batching plant, with 5,000-Ib pug 

mill 

It was my responsibility to control 
the paving in such a way that a 
smooth non-skid riding surface with 
a uniform texture would result. 
The Turnpike Authority Specifica- 
tions called for the three layers of 
asphaltic concrete paving to be laid 
over a penetration macadam base 
course 7'/, in. thick. This specifica- 
tion superseded the original one 
requiring the use of side forms and 
two courses of asphaltic concrete 
with a total thickness of 4!/, in. 

The penetration macadam base 
course was required to be within 
'/, in. of the specified profile grade 
as shown on the plans. In some 
instances deviations in the surface 
grades of the macadam course were 
found, and the low areas were cor- 
rected wherever possible with the 
approval of the section engineers, by 
constructing the first leveling course 
with an allowable compacted thick- 
ness of not less than 1'/: in. nor more 
than 2°/, in. The second leveling 
course and the surface course were 
laid in 1'/2-in. layers (Fig. 1). 

The minimum equipment used in 
rolling each asphaltic concrete course 
was one three-wheel roller of not 
less than 10 tons, one tandem roller 
of not less than 8 tons, and one three- 
axle bump roller of not less than 10 
tons. If the tonnage of asphalt 
paving laid exceeded 125 tons per 
hour, but was not more than 175 
tons per hour, an additional roller 
was required on the surface course 
only. Four rollers on the leveling 
courses and five on the surface course 
were used when the amount laid 
exceeded 175 tons per hour. 

Initial rolling of the newly laid 
pavement was done immediately 
after paving to insure proper com- 
paction and to maintain the desired 
densities and stabilities. Constant 
checks were made with either a 
bumpometer or a 16-ft straightedge, 
and a three-axle bump roller was 
used to remove grade discrepancies. 
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SIMPLICITY S-100 batching plant supplied asphaltic concrete for Section 2. A Simplicity 


S-80 plant also was used on this section. 


To assure the same stability and 
density at the sides of the pavement, 
a stepped-up construction procedure 
on each layer of pavement was re- 
quired. The penetration macadam 
base was constructed 18 in. wider 
than the desired asphalt concrete 
surface. The first leveling course 
was paved to a line 5 in. in from the 
outside edge on each side of the pene- 
tration macadam base, and the width 
of each succeeding layer of asphaltic 
concrete was decreased by 4 in., that 
is, 2 in. on each side. (See Fig. 1, 
below.) 

A total of 17 Barber-Greene as- 
phaltic concrete pavers and two 


Fig. 1. Typical cross section shows method 
of stepping outer edges of three top courses 
of Turnpike pavement. 








ALL MIXES were closely con- 
trolled at all times by field labora- 
tories operated by section engi- 
neers at mixing plant sites. 
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Adnun black-top pavers were used 


on this project, and mixes were 
supplied by 17 batching plants. 
Texture of mixes was maintained 


through a rigid plant-control pro- 
cedure. Paving inspectors in the 
field were well informed as to the 
texture desired and maintained con- 
stant visual inspection. Any varia- 
tion in the paving mix was reported 
at once to the plant and corrections 
were made immediately. 

At times it was very difficult to 
maintain the profile and template 
grade of the Turnpike because of 
the speed required in constructing 
the base courses. 

It was the intent of the specifica- 
tions to secure an asphaltic concrete 
surface course free from waves and ir- 
regularities to such an extent that the 
lower edge of a 16-ft straightedge laid 
on the surface parallel to the center 
line, would nowhere be further from 
the roadway surface than */). in. on 
the leveling courses, and '/s in. on 
the surface course. In addition, the 
finished surface had to be within 
'/, im., measured vertically, of the 
required grade and _ cross-section 
shown on the plans. In general, 
these tolerances were met throughout 
the entire Turnpike. 

All paving contractors were re- 
quired to construct an offset longi- 
tudinal hot joint at the center line 
of the roadway so that there would 
be no vertical center joint extending 
down through all three layers of 
paving. Experience has shown that 
this type of center joint will give 
additional strength and stability at 
this critical point, and will eliminate 
any possibility of a break extending 
down through the three courses of 
pavement if a plane of weakness 
should develop 

At 3,000-ft intervals on each 12-ft 
lane, the section engineers have had 
4-in. cores removed from the finished 
pavement for testing to determine 
density, gradation of materials, as- 
phalt content, and if possible, a 
stability and flow determination by 
the Marshall method. Out of every 
10 cores removed, 6 will be retained 
and tested by the section engineers, 
2 will be check tested by the com- 
mercial laboratory, and 2 will be kept 
for future use by the Turnpike 
Authority. 

The testing laboratories utilized 
were Jersey Testing Laboratories, 
United States Testing Company, 
Gulick-Henderson Testing Company, 
and Newark Testing Company. 
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BIG EUCLIDS line up behind one of 
eight elevating graders used on 
Turnpike. Tremendous job of mov- 
ing about 52 million cu yd of earth 
could not have been accomplished 
in such a short time without ex- 
tensive use of heavy equipment. 


Mechanized 


the 


PRACTICALLY every noteworthy 
development in road building ma- 
chinery during the past quarter cen- 
tury could be found working on the 
New Jersey Turnpike. Tremendous 
volumes of all items of work made 
possible maximum mechanization 
with consequent emphasis on skilled 
technical labor. The job provided a 
sharp contrast to road construction in 
the early part of the century when 
mules, skinners and Fresno scrapers 
were the mainstays of the job. In 
carrying out nearly $200,000,000 
worth of construction on the Turn- 
pike, equipment and plant with a 
total value of $45,000,000 was used 
by the fifty different prime contrac- 
tors. 

There can be no greater monument 
to the ingenuity, toil and everlasting 
faith of the men of the construction 
equipment industry than this high- 
way which has been built with their 
tools. Equally honored should be 
the men of the construction industry 
who manipulated the controls and 
guided those noisy, ground-jarring 
monsters so that they would produce 
a finished product conforming in 











roadbuilding— 


answer to tight 


every respect to the engineer's dream. 

Total earthwork moved, including 
all classes of excavation and borrow, 
totalled 51,800,000 cu yd. To ex- 
cavate this material it was necessary 
to utilize eight elevating graders each 
with a capacity of 1,000 cu yd per 
hour, twenty 2- to 3-cu yd power 
shovels, about 50 tractor-drawn or 
self-propelled pneumatic-type scrap- 
ers, and 25 draglines for mucking 
and ditching. To move and distrib- 
ute this material, about 200 Euclid 
wagons varying in capacity from 15 
to 30 cu yd and upwards of 500 trucks 
of various sizes were also employed, 
not to mention barges, dredges, and 
railroad trains. 

For spreading purposes, bulldozers 
and power graders were used in the 
ratio of about 2 bulldozers to 1 power 
grader. Bulldozers were utilized gen- 
erally for the preliminary leveling of 
large piles of material, and graders 
for the final spreading and shaping. 
Compaction of embankment was 
performed by multiple-unit sheeps- 
foot rollers and by pneumatic truck- 
tire-type rollers. The sheepsfoot 
weighed not less than 3,000 Ib per 
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schedules and tough specifications 


lin ft of drum and exerted not less 
than 500 psi per footprint, each 
footprint having a minimum area of 
not less than 7 sq in. The pneumatic 
rollers weighed not less than 2,500 
Ib per ft of width and had a load per 
tire of not less than 220 Ib per in. of 
tire width. Conventional smooth- 
wheel rollers were permitted for aux- 
iliary and final smoothing. 


Thorough Foundation Preparation 


The specifications provided for the 
preparation of foundation areas be- 
fore any embankment was placed. 
They required the consolidation of 


the top 12 in. of the underlying sub- 


soil to 90 percent of maximum density 
after all clearing, grubbing and top- 
soil removal operations were com- 
pleted. In many cases, however, be- 
cause of the generally unfavorable 
weather, unusual perched water-table 
conditions, and the necessity of com- 
pleting the work within the specified 
time, it became necessary to place a 
layer of porous fill at the bottom of 
embankments and to obtain consoli- 
dation by using supercompactors 
weighing 50 tons or more so that work 
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VARIETY of equip- 
ment used is demon- 
strated in photoat right, 
where three scrapers, 
grader, sheepsfoot rol- 
ler, and wobble-wheel 
compactor are all op- 
erating in small area. 


QUANTITY of mech- 
anized equipment is 
typified by this photo 
showing four trucks 
dumping and spread- 
ing lower course of 
macadam stone as 
three-wheeled roller 
follows close on heels 
of spreader. 










































NEW JERSEY TURNPIKE 


AMONG less common types of equipment used on Turnpike were wobble-wheel compactor (below, right), shown compacting gravel sub- 


base, and 50-ton supercompactor (below, left) shown pretesting macadam base courses. Materials placed in 6-in. layers were found to pro- 


vide much more uniform surfaces than deeper layers even when supercompactors were used to consolidate the greater depth. 









TANK 
base 
New] 








could proceed on the top layers with- 
out delay. In shallow, swampy and 
mucky areas, all unsuitable and un 


stable materials were removed by 
dragline or by dredging, and the 
areas were backfilled with porous 


material to a minimum elevation of 
| ft above tidewater or groundwater 
level. 

Control of required density in the 
embankment material was a most im- 
portant factor. Field density tests, 
representative of every 1,000 cu yd, 
were made in the bottom of all em- 
bankment areas. As the embank- 
ment work progressed these tests were 
reduced in frequency to a maximum 
of 1 per 3,000 cu yd, provided that 
the moisture content remained satis- 
factory and the density tests were rea- 
sonably uniform. 

Two factors in obtaining the re- 
quired densities are worthy of men- 
tion, as they had an important bear- 
ing on the maintenance of a rapid and 
uniform rate of progress. The first is 
that spreading should be done by a 
method that will give more or less 
uniformity in density in the loose ma- 
terial before any compacting opera- 
tion is begun. It was rather con- 
vincingly established during the prog- 
ress of the Turnpike work that bull- 
dozer equipment did not give this de- 
sired uniformity but that power grad- 
ers did. Where bulldozers alone were 
used, it was found that very uneven 
surfaces resulted and that consider- 
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able effort was required to correct this 


condition. Secondly, it was noted 
that materials placed in 6-in. layers 
throughout provided much more uni- 
form surfaces than those placed in 
deeper layers, even when supercom- 
pactors were used to consolidate the 
greater depth. 


Pavement Laying All Mechanized 


The basic design adopted for the 
pavement included a select subbase, 
a penetration macadam base, a bi- 
tuminous concrete surface, and sta- 
bilized shoulders. For the subbase, 
clean bank-run gravels were accept- 
able provided they contained a mini- 
mum of 75 percent of particles larger 
than */, in. Where clean gravels 
were deficient in coarse material, an 
armor plate of coarse gravel or 
crushed stone was permitted to in- 
sure stability. Limestone screenings 
were accepted for the subbase in 
areas where fills were made of very 
permeable, hydraulically placed sand. 
These screenings derived their sta- 
bility from a cementing action be- 
tween the particles and were very 
efficient in sealing off the top of the 
loose sand, thereby preventing the 
mixing of the sand fill with the sub- 
base materials. 

Subbase material was generally 
trucked to the job site and end- 
dumped in previously boxed-out sec- 
tions of fill. Spreader boxes front- 
mounted on large bulldozers were 
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occasionally used but spreading was 
generally done by motor graders. 
Layers had a maximum thickness of 
6 in. and were compacted by pneu- 
matic-tired wobble-wheel rollers or 
flat-wheel rollers. Surfaces were 
graded to within '/, in. of the tem- 
plate grade. 

Stone for macadam base courses 
was spread by spreader boxes front- 
mounted on large bulldozers or by 
Adnun stone spreaders. The latter 
machines were normally used on 
top course since they gave better 
conformation to grade. Initial com- 
paction was performed by flat-wheel 
rollers and, in a few instances, by 
vibro-tampers. Asphalt penetration 
was accomplished by standard dis- 
tributors, which were job supplied by 
tank trucks hauling directly from New 
Jersey and Pennsylvania refineries. 

Various methods of final rolling 
were used for the macadam base. 


One contractor rolled freshly pene-. 


trated macadam by wetting the rolls 
of a bump roller, thereby preventing 
the asphalt from sticking to the rolls. 
Other contractors preferred to spread 
choke stone prior to final rolling. All 
macadam required choke stone but 
the contractor who elected to roll the 
penetration macadam prior to chok- 
ing contended that this method re- 
duced the amount of choke stone re- 
quired and gave better interlock on 
the macadam stone. This contrac- 
tor’s contention proved to be basic- 
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ally sound. Final rolling after ap- 
plication of choke stone was done by 
tandem or bump rollers, and the ma- 
cadam was tested with 50-ton pneu- 
matic-tire rollers and construction 
traffic. 

Bituminous concrete was mixed in 
both portable and permanent plants, 
but all plants were of the batch type. 
One contractor invested nearly one 
million dollars in a portable plant of 
four mixing units, each with a capac- 
ity of 125 tons per hour. This plant 
established a record of 6,200 tons of 
hot-mix asphaltic concrete produced 
in a single day. In less than six 
months it produced nearly 400,000 
tons of asphaltic concrete. This 
plant alone provided the surface 
course for 45 miles of Turnpike. 
Material was hauled a maximum of 
35 miles by truck and was spread by 
crawler-mounted spreaders. Rollers 
used for compaction were three- 
wheel, tandem, and bump types. 
Final rolling was done after the sur- 
face tolerance was checked with a 
rolling straightedge. Depressions and 
humps outside the specified tolerances 
were marked for corrective rolling 
while the asphalt was still warm. 

Shoulder materials were usually 
hauled to the job by truck and placed 
by a special spreading machine which 
operated on the finished pavement. 
Shoulder gravel or stone was dumped 
in the receiving hopper of the shoulder 
machine and was then transferred by 
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TANK TRUCKS applies penetration asphalt on 
Trucks hauled asphalt directly from 


FIRST COURSE of bitu- 


minous concrete is placed my 
on northbound lane at fe 
North Camden Inter- i 
change. 


belt conveyer to the shoulder area. 
Strike-off plates graded the shoulder 
material, extra material being left for 
subsequent compression under roll- 
ing. The shoulder machine is self 
propelled, mounted on rubber tires, 
and can spread shoulder material up 
to a width of 10 ft. Two applications 
of cut-back asphalt, on which stone 
chips were spread, penetrated and 
sealed the shoulder material. 

Control surveys for paving were 
established by the engineer. Wooden 
stakes set to line and grade every 50 
ft by the contractor were used for con- 
trol of the subbase and the macadam 
base. Steel pins set to line and grade 
every 50 ft, also by the contractor, 
were used to control the bituminous 





STONE for macadam base courses is rolled 
(left) by three-wheel tandem roller after spread- 
ing by spreader boxes mounted on large bull- 
dozers or by Adnun stone spreaders. 






































concrete paving. Asphaltic mate- 
rials were tested by consulting labora- 
tories at the refineries, and all ship- 
ments were certified by that agency. 
Engineers provided plant inspection 
at quarries where macadam and sur- 
face-course stone were being produced. 

Extensive on-the-job laboratories 
were also established by the section 
engineers for the design and control of 
mixes in the field. Tests included 
sieve analysis of materials for grada- 
tion, extraction of sampled mix, 
preparation and testing of samples for 
Marshal] stability, and extraction of 
pavement cores, which were tested 
for density and stability. Further 
details of the tests are given in the 
article by Leslie M. Stewart, the 
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EXTENSIVE AREAS of sand embankment were filled hydraulically. Over 
5,000,000 cu yd of sand was placed in this manner. The sand, which was 
dredged from lower New York harbor, was carried either by dredge (such as 
R. A. Bunkman shown below) or by barge. Hydraulic fill was eventually 
pumped through permanent boat lines at dockside (below, center) and de- 
posited in 3- to 4-ft layers (bottom photo). Runoff was controlled by wood 
spillways. Excellent compaction was achieved. 
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Special Bituminous Consultant re- 
tained for .coordination and over-all 
supervision of paving operations. 


Structures Erected by Conventional Methods 


In the structural work there was 
little deviation from conventional 
methods, particularly in so far as 
equipment was concerned. The most 
distinguishing feature was the vast 
amount of equipment that had to be 
assembled for construction of the 
more than 260 structures in the proj- 
ect. Some unexpected difficulty was 
encountered in driving cast-in-place 
pile shells through embankment areas 
where densities in excess of 90 percent 
of the theroretical maximum had been 
obtained. Driving of pile shells 
through material as dense as this is 
unusual. However, it was considered 
advisable to drive these piles well into 
the underlying subsoil to minimize 
structure settlement due to subsi- 
dence in the subsoil. 

In many instances, the desired pen- 
etration could not be obtained with 
reasonable driving effort. In those in- 
stances, it was assumed that suffi- 
cient subsidence had already taken 
place in the subsoil as a result of the 
weight of the overlying fill, and that 
no appreciable further settlement 
could be expected. Where difficulty 
was encountered in getting through 
the overlying embankment, jetting 
was resorted to or permission was 
granted to augur-bore holes in the fill 
for a depth not to exceed one-half the 
depth of the embankment. 

Many steel bearing piles were used, 
the maximum length being 110 ft. 
In numerous instances, an unusual 
number of battered piles were re- 
quired. This requirement compli- 
cated and slowed down the contrac- 
tor’s operations although it did not 
call for any unusual equipment or 
methods. At the Hackensack River, 
the cutoffs were at El. — 50, an arrange- 
ment that required an unusual depth 
of open cofferdam for pier construc- 
tion. At the Passaic River crossing, 
some difficulty was encountered in 
the open cofferdams for the river 
piers because of the seamy nature of 
the underlying rock. Unexpected 
flooding of these cofferdams, which 

occurred during the progress of the 
work,. could have been avoided by 
constructing a double-walled coffer- 
dam initially. The preliminary bor- 
ings, however, did not indicate the 
seaminess of the rock bottom, and 
flooding could not have been reason- 
ably anticipated. Mud packing and 
extra-hard driving on cofferdam sheet- 
ing ultimately sealed off the leaks and 
permitted the pier base to be poured 
in the dry. 
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In another article, Mr. Paul ex- 
plains the erection methods used on 
these two important bridges over the 
Hackensack and Passaic Rivers. 

Despite the similarity of deck fea- 
tures and arrangement on _ these 
bridges, separate deck contractors 
chose entirely different methods of 
surface finishing. In one instance a 
full 36-ft-wide power-driven finishing 
machine was used. In the other case, 
longitudinal screed rails were erected, 
and finishing was accomplished by 
12-ft vibrating screeds. 


Sand Drains Require Pile-Driving Equipment 


The placing of sand drains was un- 
usual in that exceptionally long leads 
were required to hold the hollow steel 
mandrels which were driven to con- 
tain the sand forming the vertical 
sand columns. The leads themselves 
were more or less conventioual fixed 
leads except for their unusual height 
and an attached elevator-type hopper 
for pouring the sand into the mandrel. 
Each sand-drain rig was a mobile 
self-contained unit. The size of the 
hammers used varied with the diam- 
eter of the mandrels and the type of 
resistance encountered. The heavi- 
est hammer used was a McKiernan- 
Terry S-5. ‘Single-acting hammers 
were found to be the most economical. 
They retarded crystallization of the 
metal in the mandrels from constant 
use. 

Driving of sand drains was a nearly 
continuous operation because of their 
close spacing (from 4 to 12 ft). Ex- 
tensive moves of the rigs were the 
exception. Control and supervision 
of the driving was the same as for 
any normal pile-driving operation ex- 
cept that this was faster and required 
careful checking of depths, since 
there was no specified cutoff or pre- 
determined depth of bottom which 
could be used as a check. Once the 
mandrel was withdrawn from the 
ground and the sand column left in 
the hole, there was no reasonable 
method for checking the depth unless 
a very careful measurement was made 
of the volume of the sand placed in 
the mandrel. Such a check was diffi- 
cult since the mandrel usually was 
slightly overfilled to insure a sand 
column of full height. 

The operation of placing sand 
drains is relatively simple. The man 
drel, with its hinged bottom gate, 
which is 2 in. greater in diameter 
than the mandrel itself, is driven in 
the same way as any driven pile. It 
is not necessarily driven to refusal or 
to any predetermined depth, but to 
firm bottom or to within a reasonable 
distance of firm bottom as previously 
determined from borings. When the 
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mandrel approaches firm bottom, 
sand is introduced into the top of it 
from the elevator hopper, which is 
raised on the outside of the leads. 
The mandrel should be loaded with 
sand before the driving is discon- 
tinued in order to eliminate the ten- 
dency of the sand to bulk inside the 
mandrel. 

After the required volume of sand 
has been placed in the mandrel, the 
mandrel is sealed off at the top. Air 
or steam pressure is then applied at 
the top of the sand to hold it in posi- 
tion while the mandrel is slowly with- 
drawn. When pulling of the mandrel 
begins, the hinged gate at the bottom 
of the mandrelopens. As the mandrel 
is withdrawn the sand remains sta- 
tionary except that it expands some- 
what to fill the entire hole. In an- 
other article Messrs. Porter and Urqu- 
hart explain the function of sand 


drains in consolidating the marsh 
areas. 


Ocean Sand Placed in Hydraulic Fills 


An operation of unusual interest 
and novel conception was the placing 
of ocean sand as fill by the hydraulic 
method on the section of Turnpike 
from Elizabeth through the Newark 
Airport area to Raymond Boulevard 
in Newark. This method is now be- 
ing used also to construct the new 
runways of extraordinary length for 
the Newark Airport adjacent to the 
Turnpike. Over 5,000,000 cu yd of 
this material was placed for the Turn- 
pike. Of this, 750,000 cu yd was 
placed in the peak month. 

Two basic methods were used to 
handle the sand from the water-side 
booster station. The first consisted 
of loading hopper dredges in lower 
New York Bay and discharging the 


TYPICAL of lighter pieces of equipment used throughout Turnpike are two 


rigs shown below. 


Choke stone, in upper photo, is being drag-broomed 


south of Mountain Laurel Road. Drainage ditch, in lower photo, is being ma- 
chine graded by Warner-Swasey Gradall. 





























































— 


loads, varying from 2,000 to 3,000 
cu yd per dredge for the three dredges 
in use, at boat lines permanently set 
at dockside in the extreme westerly 
end of Port Newark Basin. The 
dredge pumps moved the material 
through spiral welded pipelines to a 
booster station where electric-motor- 
driven pumps propelled it up to 2'/, 
miles further. 

The water-borne sand was de- 
posited first on firm ground or on an 
area in which sand drains had been 
driven to stabilize the soft underly- 
ing material. After the first layer of 
sand was placed, bulldozers built sand 
dikes to retain the rest of the fill. 
Wood spillways were constructed to 
control the runoff water and carry it 
to the marsh. Succeeding layers, 
deposited to depths averaging 3 to 4 
ft, eventually built the fill up to 
grade. Dredge water seeped out 
through the porous fill, and excellent 
consolidation resulted. 

The second method of handling the 
sand to the booster station consisted 
of loading bottom-dump barges by 
dipper dredge in the vicinity of Long 
Island. The barges were towed to 
the same location in the Port Newark 
basin mentioned above, where they 
dumped their loads on the bottom. 
A reconditioned hydraulic _ river 
dredge was then placed in operation 
in the basin to pick up the sand from 
the bottom as it was deposited and 
pump it to the booster station. Be- 
yond that point, the operation was 
the same as that previously described. 

Mobile Radio Communication Expedited 

Operations 

Mobile radio communication 
played a prominent role in controlling 
construction along the 118-mile length 
of the project. A minimum of six 
frequencies with 20 base stations and 
over 100 mobile stations were author- 
ized and in use by the various con- 
tractors. The service rendered by 
these stations was invaluable in sav- 
ing precious time on this accelerated 
project. Coordination of service and 
repair crews under the control of mo- 
bile radio was excellent, and opera- 
tion planning on split-second sched- 
ules was greatly facilitated. A typi- 
cal example of the kind of coordina- 
tion made possible by the mobile 
radio was the occasion when an as- 
phalt paving spreader completed 
operations at one location and re- 
sumed operations at a second loca- 
tion 8 miles distant in 20 minutes. 
Coordination of material trucks, plant 
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operation, and transfer truck-trailers 
were all radio controlled with a mini- 
mum loss in plant operation. 

One contractor, George M. Brew- 
ster & Son, used a series of base sta- 
tions, from Bogota in northern New 
Jersey to Woodbine in southern New 
Jersey, for the control of operations 
involving 13 contracts totaling ap- 
proximately 40 million dollars. An- 
other contractor, the Bethlehem 
Steel Company, used handy-talkies 
for controlling the erection of major 
steel girder sections weighing up to 
172 tons on the Passaic River Bridge. 


Miscellaneous Mechanized Contracts 


Contracts for dress-up items such 
as the center stripe, guard-rail, de- 
lineators, traffic signs, and electrical 
lighting were awarded for the entire 
Turnpike or in major divisions to ob- 
tain the maximum possible uniform- 
ity. The center stripe was placed in 
25-ft dashes with 25-ft skips by 
spray machines traveling under their 
own power and automatically start- 
ing and stopping the stripe painting 
to provide the dashed lines. Glass 
beads were dropped in the paint as it 
was applied to give a reflective 
quality for night travel. 

Power augurs were used to excavate 
the post holes for the guardrail and 
for traffic signs. Beam-type guard- 
rail was erected rapidly using elec- 
tric impact wrenches operated by 
small generators carried on trucks. 
Guardrail and posts were given an 
initial coat of paint in storage yards 
to accelerate operations and effect 
economies. All traffic signs have re- 
flective letters and symbols or are 
electrically illuminated. 

Delineator posts and right-of-way 
fence posts were driven with a novel 
self-powered rubber-tired rig having 
a fixed tubular boom from which was 
suspended an air-operated jack-ham- 
mer mounted on a beam that could be 
raised or lowered to suit the driving 
height of the post. This machine 
drove delineator posts as it moved 
along on the outside improved 
shoulder, using a template guide to 
mark the post location with reference 
to the edge of the pavement. 

Jeep trenchers were used exten- 
sively to install underground electric 
lighting conduit. Light-standard 
bases and concrete junction boxes 
were precast and set by truck cranes. 
Toll houses were completely prefabri- 
cated and installed as a unit. 


A Typical Contractor's Equipment Inventory 


The Savin Construction Corpora- 
tion of Hartford, Conn., held con- 
tracts for all grading and paving and 
part of the structures on one 18.7-mile 





section of the Turnpike in the vicinity 
of Camden, N. J. The following list 
of equipment actually used by this 
contractor is presented as typical of 
the construction equipment employed 


on the Turnpike: 


7 passenger automo- 
biles 

5 pickup trucks 

2 tractor trailer 
trucks (low-bed) 

2 tanker trailers 

1 pole trailer 

2 welding trucks 

3 platform trucks 

9dump trucks (3- 
axle) 

2 grease trucks 

1 fuel truck 

i 

2 


tractors, heavy 

2 tractors, light and 
farm 

1 Tournadozer 

4 shovels, 2- to 3-cu 
yd 

2 backhoes 

3 truck cranes 

5 crawler cranes 

2 Euclid 
loaders 

1 Haiss loader 

15 bettom-dump__ Eu- 
clids, 12-cu yd 

9 bottom-dump-  Eu- 
clids, 25-cu yd 

2 Euclid = rear-dump 
trucks 

3 Heiliners, 12-cu yd 

3 Stump wagons 

, 


elevating 


2 Euclid Pioneer 
scrapers 

10 tractor drawn 
scrapers, 15- to 
24-cu yd 

7 graders 

6 compressors, 60- to 
500-cfm 

4 sheepsfoot rollers 
(2-drum) 


4 wobble-wheel rollers 

4 tandem rollers 

6 bump rollers 

2 three-wheel rollers 

1 Bros 50-ton super- 
compactor 


3 Adnun stone spread 


ers 

1 Jaeger stone spread- 
er 

2 Buckeye chip 


spreaders 
4 Barber-Greene bitu- 
minous pavers 
2 Blaw-Knox bins 
1 Syntron electric 
feeder 
1 Barber-Greene sta- 
tionary conveyor 
1 Robbins car shake- 
out 
1 S-80 Simplicity as- 
phalt plant 
1 S-100 Simplicity as- 
phalt plant 
pile hammers 
pile extractor 
sets pile-driving 
leads 
buckets (dragline, 
clamshell, con- 
crete, rehandling) 
steam jennies 
welding machines 
disk harrow 
portable light plants 
power screed for 
concrete bridge 
decks 
electric saws 
portable generators 
Barco rammer 
chain saws (1 air, 1 
electric, 1 gaso- 
line) 
electric sander 
paving breaker 
jackhammer 
concrete vibrators 
gasoline pumps 
power hack saw 
5 Motorola mobile re- 
ceivers and trans- 
mitters 
1 Motorola base sta- 
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There were also many small power 
tools and other items too numerous 
to mention. 

The intense and successful mechan- 
ization of construction on the New 
Jersey Turnpike should create a pat- 
tern for future projects of major size 
where completion is required on ex- 
pedited schedules. No operation was 
perfect, however. Every process 1s. 
subject to refinement. Particularly 
needed is an asphalt paving machine 
with electronically activated screeds. 
which will transfer a grade line from 
a wire or light rail section set to true 
profile to give a perfect riding surface. 
Placement of granular materials by 
hydraulic methods gave excellent 
compaction with minimum effort. 
There is the possibility of adapting 
this method to smaller inland jobs. 
Other improvements are being studied 
and are looked for with considerable 
interest. It is certain that still greater 
mechanization will characterize future 
progress in road-building techniques 
on large-scale projects. 
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A contractor selects his equipment and methods 


WwW. W. BLAUVELT, Vice-President and Chief Engineer, George M. Brewster & Son, Inc., Bogota, N.J. 


THE New Jersey Turnpike is right- 
fully named the Miracle Turnpike, as 
its 118-mile length, through highly 
industrialized areas in the northern 
part of the state and residential and 
agricultural areas in the central and 
southern parts of the state, will have 
been constructed in less than two 
years. 

Our company was involved in both 
grading and paving on Section 7 
(8.6 miles), Section 4 (24.5 miles), 
and Section 3 (21.7 miles). Grading 
on the northern section, consisting 
mostly of embankments through the 
marsh and tidal flats, where we con- 
structed 2,781,500 lin ft of vertical 
sand drains to obtain settlement, pre- 
sented a different problem from that 
found on the central and southern 
sections. 

In the north, the furnishing of em- 
bankment material required over- 
the-road trucks for the movement of 
the various types of embankment 
sand-blanket material from docks, 
and various types of selected sub- 
grade material from upland borrow 
pits. 

In the central and southern sec- 
tions, our problems consisted of 
moving excavation and constructing 
embankments with over-the-Turn- 
pike equipment. This equipment 
consisted of dual-engine Euclid scrap- 
ers, Euclid conveyor loaders, Euclid 
bottom-dump trucks, 2'/2-cu yd Bu- 
cyrus-Erie power shovels, 50- and 
100-ton compactors, and some over- 
the-road trucks where it was neces- 

















SPREADER BOX attached 
to,Caterpillar tractor was 
designed by Geo. M. 
Brewster & Son, Inc. In 
near view subbase mate- 
rial is spread as truck 
dumpsit into spreader box. 
In view at far right same 
method is used to spread 
lower-course penetration 
macadam. 
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sary to transport borrow for embank- 
ments. Thus it is seen that the con- 
tractors who had northern as well as 
southern sections had to employ dif- 
ferent types of equipment on the 
different sections to accomplish con- 
struction as planned and specified. 

While the grading of the Turnpike 
presented many problems, it resolved 
itself chiefly into the selection of the 
proper equipment to perform the 
work on each section. When this 
problem had been satisfactorily 
solved, the movement of 13,543,240 
cu yd of earth was accomplished on 
our contracts in a very short time. 
This total was made up of 4,548,040 
cu yd of excavation, 7,739,000 of 
borrow, and 1,256,200o0f miscellaneous 
excavation for bridge abutments, 
channel correction, and muck re- 
moval. 

As regards the paving work, the 
contractors’ major problem was to 
obtain the materials. On our Sec- 
tions 3, 4, and 7, the quantities of 
subbase material, crushed stone, as- 
phalt cement, and bituminous con- 
crete were enormous and unparalleled 
considering the shortness of the con- 
struction period. However, after 
careful planning and consideration, 
we decided to treat our northern 


section, requiring 275,000 sq yd, as 
one problem of material supply, and 
our central and southern sections, re- 
quiring 1,491,000 sq yd, as another 
separate problem of material supply. 

For the northern section, 105,000 
tons of crushed stone were required, 


and three upland stone quarries were 
selected as the sources of this mate- 
rial. The crushed stone had to be 
furnished at an average rate of 1,000 
cu yd per day, and the peak daily 
demand ran as high as 5,000 tons. 
The crushed stone was delivered by 
dump trucks, of which as many as 65 
were needed on peak days and as 
few as 15 on average days. The 
stone was spread by tractor-powered 
stone-box spreaders of our own de- 
sign, which proved very efficient. 
After spreading, the stone was vi- 
brated by vibro-tamper machines, 
then rolled with three-wheel rollers 
and bump rollers. 

The 69,000 tons of bituminous con- 
crete required on the northern sec- 
tion came alternately from _ three 
permanent asphalt plants. The av- 
erage daily supply was 1,250 tons, and 
the peak-day supply, around 2,200 
tons. 

The 977,000 tons of crushed stone 
required on our central and south- 
ern sections was secured from several 
sources: from the North Jersey 
Quarries at Bound Brook, N.J., with 
26- and 45-mile average hauls, re- 
spectively; from the Kingston Trap 
Rock Co. at Kingston, N.J., with a 
16-mile average haul; from the New 
York Trap Rock Co., at South Am- 
boy, N.J., with a 22-mile average 
haul; and from the John Dyer Co. 
at Birdsboro, Pa., with a railroad 
haul and an average truck haul of 
6 miles. In all, 31,000,000 ton-miles 
were required to deliver this material 




















NEW JERSEY TURNPIKE 


TOP SOIL for center strip and parked areas is stripped off by Euclid conveyor loader. 
Similar equipment was operated in borrow pits 





PAIR of vibro-tampers compacts lower-course stone (upper view). 


Brewster operated a fleet of 300 dump trucks. 
penetrated with asphalt. 


For hauling stone 
In view below, upper-course stone base is 





HERE first leveling course is being laid, with Barber-Greene spreaders, on top of penetration 
macadam and rolled. On Brewster's central and southern sections, fleet of 143 asphalt 
trucks hauled 389,000 tons from big plant at Cranbury, N. J. 
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from quarry to Turnpike roadbed, 
using 300 large over-the-road motor 
dump trucks. 

To take advantage of crushing time 
while grading operations were still 
going on, crushed-stone stock piles 
were established at advantageous 
points along the Turnpike. Then, 
when the subgrade was ready, crushed 
stone could be delivered to the road- 
way as required, without interruption, 
as the stock piles were replenished on 
a 24-hour basis. Crushed stone was 
delivered to the stock piles at the 
rate of 6,000 cu yd per day on peak 
days, or an average of 4,000 tons per 
day. 

The bituminous concrete for our 
central and southern sections was 
manufactured and supplied from an 
asphalt plant located on the Turn- 
pike adjacent to Half Acre Road, 
Cranbury, N.J. The plant estab- 
lished by our company consisted of 
four Madsen 4,000-Ib plants with con- 
veyors and bins for the handling of 
the asphalt materials. We furnished 
the crushed rock to our subcon- 
tractors, McMinn’'s Industries, Inc., 
and Tioga Construction Co., Inc., 
who operated the plant, furnished the 
bituminous cement and sand, and 
hauled, spread and rolled the paving 
material. The total asphalt output 
was 389,000 tons, or an average of 77 
tons per hour per plant. These four 
batching plants established a record 
production of 6,200 tons in a single 
day. The average haul to our south- 
ern section was 22'/, miles, and to our 
central section, 6 miles. On this oper 
ation, 143 asphalt trucks hauled 
5,320,—500 ton-miules. 

When the asphalt arrived at the 
designated location on the Turnpike, 
it was dumped into a Barber-Greene 
asphalt spreader and spread on the 
roadbed in three 1'/:-in. layers and 
then rolled with tandem and bump 
rollers. The spreader production was 
71 tons per hour per spreader. Two 
spreader and roller units were used in 
tandem, one on each half of the road- 
way, so that a completely hot joint 
along the center line was obtained. 

During 1950 and 1951, the New 
Jersey Turnpike Authority awarded 
our company 13 prime contracts 
and three subcontracts, totaling $42,- 
000,000. Our work was practically 
completed by the end of 1951, only a 
small part of our northern section re- 
maining to be completed in the early 
part of 1952. Never before in its 
history has our company been called 
upon to perform such enormous 
quantities of work and to supply such 
great quantities of materials as have 
been required by its contracts with 
the Turnpike Authority. 
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age travelers to stop and rest. 


TYPICAL SERVICE FACILITY provides lunchroom, roadside auto and truck service, 
ample parking area, and modest picnic grounds. 


Facilities were designed to encour- 


Service facilities designed for 


maximum public convenience 


SERVICE FACILITIES on_ the 
Turnpike comprise an administration 
building, 6 maintenance headquar- 
ters, 20 toll stations for the 17 inter- 
changes, 6 equipment stations for the 
short-wave communication towers, 
and a chain of concession buildings. 

General design criteria were es- 
tablished by the members of the New 
Jersey Turnpike Authority. All 
buildings for the same purpose were 
to be uniform for efficiency of pro- 
cuirement, construction, and oper- 
ation. All structures and all fea- 
tures of their sites were to be planned 
for expansion—either by enlarge- 
ment or by additions to particular 
features when they became necessary 
to meet the demands of traffic. Other 
requirements were that the buildings 
be attractive and helpful in the con- 
duct of favorable public relations, 
that they be substantial to minimize 
maintenance, and that they be fire- 
safe in view of their more or less re- 
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mote locations. They were to be as 
economical as possible, consistent 
with the foregoing objectives. 

With respect to geographic dis- 
tribution, the service facilities tend to 
be much more closely spaced north of 
the Raritan River because of heavier 
traffic, more severe weather condi- 
tions, and special maintenance on 
long viaducts and bridges near the 
north end of the Turnpike. 


Choosing Site for Administration Building 


These same factors influenced the 
Authority te seek a site for the Ad- 
ministration Building near the north 
ern third point of the Turnpike. This 
put it close to the center of operating 
and maintenance activities. Other 
considerations governing the choice 
of this site were that it should: (1) 
command a view of a long stretch of 
Turnpike; (2) be convenient to 
Trenton as well as to the metropoli- 
tan area; (3) be easily reached by 











ROLAND A. WANK, FAIA 


Fellheimer and Wagner, 


Architects and Engineers, New York, N.Y. 


private car from each direction by 
way of the Turnpike; (4) be at or 
near an interchange; (5) be well 
located as regards a railroad, that is, 
near an express stop of the Pennsyl- 
vania Railroad; and (6) be con- 
venient for employees, that is, within 
walking or bus commuting distance 
of residential areas. Further, atten- 
tion was given to the availability of 
urban services and public utilities. 

The site was to be attractive as to 
scenery and neighborhood, and ample 
to accommodate an unpredictable 
amount of future building expansion, 
in addition to providing separate 
parking areas for official cars, em- 
ployees and visitors. Finally, since 
any excess land acquisition was un- 
popular with the public, preference 
was to be given to parcels acquired in 
lieu of compensation for severance or 
other damages. 

Four alternative locations were 
analyzed, leading to the choice of the 
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loop at the New Brunswick Inter- 
change, that is, the triangular plot 
between the Turnpike, the toll plaza, 
and Route S-28. 

The plan made the most of the 
hilltop location. The principal offices 
overlook miles of Turnpike, the 
Raritan River Bridge, and the toll 
plaza with its ramps. 

Sites for maintenance compounds 
were selected near the mid-points of 
the six maintenance divisions (Fig. 1). 
A study was made of the possibil- 
ity of combining these six structure- 
into larger ones, situated at divi- 
sion points to serve in both directions, 
but the increased operating costs and 
the handicap on prompt action in 
snowstorms or at other critical times 
made this arrangement inadvisable. 

Selection of sites for maintenance 
compounds began also by examining 
parcels which had been bought in 
lieu of severance damages, in the light 
of the following criteria: 

1. Availability of a minimum of 5 acres 
(in the case of the central unit, 12 acres) of 
area, suited by topography and soil condi- 
tions to outdoor storage and vehicle park- 
ing 

2. Direct access to the Turnpike, with 
long sight distances, at the point of ac- 
cess 

3. Rear access for employees and de 
liveries and for the extension of utilities at 
reasonable cost 

4. Availability of labor and of repair 
facilities nearby 


HIGHWAY SIGNS were designed to be easily read at high speeds. 


to give motorists ample warning of approaching exits. 
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Application of these principles led 
to the selection of five sites from 
among the parcels already owned by 
the Authority. The sixth site had to 
be specially acquired. 

The best manner of access from 
maintenance compounds to the Turn- 
pike was studied. Since the ex- 
perience of other high-speed high- 
ways showed no record of accidents 
attributable to the direct type of 
access, such access was judged ade- 
quate except for the two northernmost 
maintenance divisions. These will 
serve stretches of very high traffic 
density, where tie-ups resulting from 
snow or other emergencies could bot- 
tle up the maintenance equipment 
sent to correct the situation. There- 
fore, those sites were so selected that 
equipment stationed there will have 
several choices of entrance points to 
either side of the Turnpike by mak- 
ing use of adjacent concession areas, 
overpasses, and toll plazas. 

Special arrangements were also 
made for the headquarters of Main- 
tenance Division No. 3, which was 
selected for development into a center 
for repair shops, general warehousing, 
and storage. It is well situated for 
that purpose, between the approxi- 
mate center of gravity of operations 
and the geographic middle of the 
Turnpike, near the Borough of Hights- 
town on which it will depend for em- 
ployees and services, and near enough 
to the Administration Building for 
close supervision. 

Like the Administration Building, 
the central maintenance compound 


They are placed so as 








was placed within an interchange loop 


where the land had already been ~ 


bought for other reasons. The area 
within the loop was used also as a 
borrow pit; consequently, grading of 
the site was obtained as a by-product 
through advance planning of the ex- 
cavation. 

Maintenance buildings were de- 
signed to follow a uniform plan. The 
offices are oriented tocontrol the Turn- 
pike access, and the main body of the 
building is divided into two parallel 
bays—one for miscellaneous facilities, 
shops and stockrooms, and the other 
for automotive maintenance. The 
other five maintenance buildings will 
be much shorter, but at all six, any 
one of the component floor spaces— 
offices, shops, or maintenance space 
can be enlarged, alone or together, as 
may be needed. 

The buildings are not large enough 
to store more than a fraction of the 
maintenance vehicles and equipment. 
Provision was made on the site plans 
for storage sheds, but the rise in con- 
struction costs made it necessary to 
postpone their construction. Quonset 
huts will be used for the storage of 
salt and other bulky items. 

For policing purposes, the Turnpike 
has been divided into three divisions. 
The simple office facilities needed for 
police division headquarters are in- 
corporated in other structures—one is 
in a maintenance building, one in the 
utility building of an interchange, and 
the central headquarters is part of the 
Administration Building. The re- 
requirements for equipment rooms of 
the short-wave communication sys- 
tem were less flexible, and it was 
found necessary to erect four minor 
structures to house that equipment. 


Design of Toll Collection Facilities 


At the toll stations it was originally 
intended to have single booths serv- 
ing single traffic lanes so that all trans- 
actions would take place at the left 
hand of the driver, but cost consider- 
ations favored the use of double 
lanes; so all booths have been made 
double, arranged in tandem. 

After various methods for con- 
structing the toll booths had been 
considered, a prefabricated, welded 
steel plate construction was decided 
on. This type offers the greatest 
protection against accidental injury 
to collectors, and it was possible to 
award this type of booth to the same 
manufacturer who had the contract 
for the treadles and collection equip- 
ment. 

Random ashlar stone facing will 
protect the base of the steel booths 
from mud splash and exhaust gases. 
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FIG. 1. Administration building, 


marked by star on map above, is 
located at one of 17 interchanges 
along Turnpike’s 118-mile length. 
Site near northern third point of 
Turnpike was chosen because of 
nearness to center of operating and 
maintenance activities. Photo at 
lower right shows building under 
construction. 


Diagonal _ corrugated aluminum 
sheathing will cover the space for 
heating equipment above the booth 
ceilings, and the cantilevered canopy 
will slope, like a shed, in one direc- 
tion. The Turnpike sign will be pro- 
tected and illuminated under the high 
side, which is turned toward the en- 
tering cars, while the low edge of the 
roof will hide the reverse view of the 
sign and the lights from approaching 
cars. 

The utility buildings at toll-collec- 
tion points were designed to the 
narrowest practicable width (15 ft) 
and were correspondingly elongated, 
to conserve expensive grading. Em- 
ployee facilities were laid out for pos- 
sible division between the sexes should 
the Authority want to employ women 
as daytime toll collectors. A special 
entrance was provided at the Turn- 
pike ends of utility buildings for the 
exclusive use of the tellers. They are 
the only persons in possession of keys 
to these ends of the buildings, in 
whjch the treadle recorders and the 
vaults for cash and tickets are located. 
The tellers do not pass through the 
toll stations in the course of their 
collection trips. At the several one- 
way toll stations, special provisions 
have been made to route the tellers’ 
cars in conformity with this prin- 
ciple. 

Policies Governing Concessions 


Planning of concession facilities 
was based on the following considera- 
tions: 
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1. The traveling public is en- 
titled to proper service and comfort 
on a toll highway. 

2. Attractive 
justified by the substantial portion 


of the total income which will come 


from the concessions. 

Next came the question of owner- 
ship of facilities. 
concessionaires to 


erect their own 


facilities will be 


To depend on the 








as on the Pennsylvania and 


buildings, 
Maine Turnpikes, would have re- 
duced the initial capital investment 
by the Authority. But it seemed 
clear that greater revenue would be 
obtained by direct ownership by the 
rurnpike Authority, and the financ- 
ing could be done more cheaply by 
the Authority than by any conces- 
sionaire. Unusually favorable ar- 
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PREFABRICATED, WELDED 
steel plate construction was 


chosen for toll booths. Each 


booth serves two traffic lanes. 





rangements were made with the con 
cessionaires, thus justifying the de 
cision of the Authority to own and 
construct its own buildings. 

It was agreed that concession areas 
(“‘half-sites,"’ a word coined for the 
purpose) were to be paired on oppo 
site sides of the road. A distance of 
10 to 12 miles between concessions 
was chosen as sufficiently convenient 
for the traveler. This spacing re 
sulted in a total of 23 half-sites for the 
118-mile length of the Turnpike, the 
odd number being due to a special 
condition related to shore resort 
traflic. 

Approximate locations were then 
spotted on a map as a basis for select 
ing actual sites, which were chosen 
and rated by the following standards 


l Sites should be on high ground for 
better visibility and views; and also to aid 
in the deceleration of vehicles turning into 
the concession and the acceleration of those 
returning to the Turnpike 

2. Ample sight distance should be avail 
able. Therefore concessions should not b« 
placed just past a crest of the road or di 
rectly behind an overpass 
should be available for full 
length (1,200-ft) deceleration and accelera 
tion lanes 

4. Sites should be from inter 
changes to avoid excessive weaving of traf 
fic caused by the two facilities 


3 Space 


remote 


Other considerations included ac 
cessibility from public highways, 
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topographic and subsoil conditions, 
provision of utilities, scenic quality, 
and cost of land. 

Che Authority decided to acquire 
all the land needed for the predicted 
requirements of the first 25 years. 
Near the north end, suitable parcels 
were almost impossible to locate, and 
in this section some second-rate loca- 
tions, involving high costs for stabili 
zation of ground, for water supply, 
and for sewage disposal, had to be 
used for lack of better ones. 

Assumptions relating to eating 
facilities were made after observation 
of comparable enterprises and con- 
sultation with prospective lessees. 
It was determined that lunchrooms 
with counters and booths are desirable 
at all locations where travelers stop 
for motor fuel but that full-fledged 
lunchroom-restaurant combinations 
are required only at a few locations. 
Initial construction of restaurants 
was reduced to one twin site near 
Woodbridge. This site was chosen 
because it is the furthest point from 
the metropolitan area that will still 
serve traffic to and from shore re- 
sorts using Route 35. 

Experience on other enterprises in- 
dicated that for best service to 
patrons and efficiency of operation, 
the seating capacity of roadside res 
taurants should not exceed 350. The 
Turnpike restaurants were designed 
for an initial capacity of 200 with 





MODEL shows typical lunchroom, lounge and gift shop. Facilities such as these 
are so designed that they may be easily expanded as need arises. 


expansion to 350, and provision for 
future enlargement. Lunchrooms 
were designed to seat 65 persons, with 
provision for the addition of units 
which may take the shape of either 
lunchrooms or restaurant dining 
rooms, as may be indicated by ex 
perience (Fig. 2). 

It is planned to construct a future 
twin-restaurant group, comparable 
to the one at Woodbridge, near the 
junction with the direct Pennsylvania 
Turnpike connection when that 
facility is built. Another such group 
is under construction near the Cam 
den-Philadelphia region for traffic to 
and from that area, but, on account 
of cost limitations, this will be 
equipped initially as a lunchroom only. 

A thorough analytic investigation 
was made of automotive service re 
quirements. Some of the principles 
adopted for service stations follow: 

1. All stations are to dispense two 
grades of gasoline at all islands, and 
diesel fuel also, at islands set aside for 
trucks. This requirement resulted in 
adoption at each station of four-pump 
islands (two sets of paired pumps for 
each island), 50 ft long for passenger 
cars, and 120 ft long for trucks, to 
accommodate trailers. As the islands 
assigned to trucks are furthest from 
the concession buildings, few of them 
will be built initially. Until they are 
ready, trucks will use the last pas- 
senger-car island. 
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FIG. 2. CONCESSION SITES are remote 
from interchanges to avoid excessive weav- 
ing of traffic caused by two facilities. Full- 
length, 1,200-ft acceleration and deceler- 
ation lanes are provided at all service sites. 


2. Connections from the vending 
pumps to the fuel storage tanks 
should permit switching from one 
fuel to another as demand warrants. 

3. Lubricating oil is to be sold at 
the islands. Water and compressed 
air will also be available there, but 
during peak periods patrons will be 
asked to move to the service yard for 
air and water, or to self-service sta- 
tions placed on the exit roads of the 
concession. 

4. The stations are to be equipped 
to make oil, tire and battery changes 
and minor repairs. 

5. It was thought unlikely that 
the larger trucks would need any 
supplies or mechanical assistance 
save on exceptional occasions. Never- 
theless, the services are planned so 
that truckers will find them ade- 
quate. 

6. Facilities for oil changes, wash 
and grease jobs should be more ample 
where a lunchroom-restaurant is pro- 
vided than at the lesser concessions. 
A single lubricating bay is to be pro- 
vided for lunchroom-type conces- 
sions, with space for additional bays. 

Some of the other general con 
siderations pertaining to concession 
site development may be of interest. 
Since stopping along the Turnpike is 
prohibited as a traffic hazard, it was 
agreed that some provision should be 
made for travelers who bring their 
own lunches or who wish to stop and 
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Bus companies were consulted as to 
whether they intended to use any of 
the concession areas as rest stops. 
Their answers being negative, no 
facilities of any kind are contemplated 
in connection with potential bus 
traffic. Buses will have to leave the 
Turnpike before they can take on or 
discharge passengers. 

Telephone booths are to be pro- 
vided at all concession buildings as 
numerous calls are likely to be placed 
by drivers approaching the metro- 
politan area to reserve accommoda- 
tions, to obtain truck berthing and 
delivery instructions, or to send word 
of delays. 

There is space for vending machines 
in concession buildings and also for 
small souvenir shops. It is expected 
that the sale of travel necessities also 
will be profitable. 

Pay toilets with washbasins will be 
provided in addition to the free wash- 
room facilities. Concession buildings 
contain good-sized lounges, which, 
since they are centrally located, are 
being built to their ultimate size. 
All other spaces are so arranged in 
wings that any one element can be ex- 
panded independently, or the build- 
ing can be expanded as a whole. 

Space requirements for motor-fuel 


without patronizing the res- 
and lunchrooms. Accord- 
picnic grounds have 


sales were developed on the assump- 
tion that one gallon of fuel would be 
sold on the Turnpike for every 20 
miles driven on it. This principle 
was applied to each stretch of road to 
be served by a given concession site. 
Two assumptions were then made: 
(1) that gas sales would be propor- 
tionate to the number of vehicle-miles 
driven on that stretch; and (2) that 
they would be proportionate to the 
traffic density on the stretch. The 
arithmetic mean of the two proposi- 
tions, adjusted for proximity to state 
lines or other special circumstances, 
yielded the gallonage prediction for 
each site for the selected years—1952, 
1956, and 1975. 

It was then decided to proportion 
the number of pumps so as to avoid 
waiting during the peak hour, and ex- 
perience figures were used regarding 
the number of gallons sold in each 
transaction and the time required for 
each sale. The result determined the 
number of pumps for each site for 
each of the three selected years. To 
determine the number of parking 
spaces and toilet fixtures, the re- 
quirements for motor-fuel customers 
and those for restaurant or lunchroom 
patrons were added together. All 
figures came out substantially higher 
than expected. However, the figures 
were checked and were further con- 
firmed by independent estimates of 
bidders for concession leases. 
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SALIENT features of a panel discussion on 
financing sewage treatment plants conducted 
by the Sanitary Engineering Division during 
the recent ASCE Annual Convention, are 
abstracted here. In addition to the moder- 
ator, Edward J. Cleary, M. ASCE, Executive 
Director and Chief Engineer of the Ohio 
River Sanitation Commission, Cincinnati, 
Ohio, the panel consisted of Samuel A. 
Greeley, Hon. M. ASCE, member of the 
firm of Greeley & Hansen, Chicago, IIl.; 
Francis S. Friel, Director of ASCE and 
President and Treasurer of the Philadelphia 
firm of Albright & Friel, Inc; George 
Schroepfer, M. ASCE, Professor of Sanitary 
Engineering, University of Minnesota; 
George Steinmetz, M. ASCE, Chief Engineer, 
State Public Service Commission, Madison, 
Wis.; and Thomas Niles, M. ASCE, Engi- 
neer, Greeley & Hansen, Chicago. 


IN OPENING the discussion, Mod- 
erator Cleary called attention to the 
special fitness of the members of the 
panel to discuss the topic assigned to 
it, “Financing Sewage Treatment 
Plants: How to Pay for New Plants 
Under Today’s High Costs.’’ Each 
of them, he said, had been engrossed 
with financing questions since 1948 as 
representatives of ASCE on a joint 
committee with the American Bar 
Association and six other groups in 
the development of the authoritative 
report, Fundamental Considerations in 
Rates and Rate Structures for Water 
and Sewage Works. Mr. Cleary then 
asked Mr. Greeley to discuss the 
question of whether there is a pre- 
ferred or best way for municipalities 
to finance sewage disposal improve- 
ments. 

Mr. GREELEY: In a narrow sense 
of the word, there is no “‘best’’ way 
for municipalities to finance sewage 
disposal improvements. Obviously 
there are many local conditions that 
affect the means available to munici- 
palities. In my opinion, there is a 
best way-——a way that should be ap- 
proached to the full extent of the pos- 
sibilities of local conditions. That 
way was stated by the joint group to 
which the Moderator has referred as 
a sort of fundamental principle. 

The statement of the group reads, 
“The needed total annual revenue of 
a water or sewage works shall be con- 
tributed by users and non-users and 
properties for whose use, need and 
benefit the facilities of the works are 
provided approximately in proportion 
to the cost of providing the use and 
the benefits of the works.” I think 
the statement means that those who 
use facilities benefiting from a water 
or sewage works should pay approxi- 
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Paying for new sewage 


mately to the extent they have caused 
the expenditure for the desired facil- 
ities. 

Mr. Nites: Whatever method of 
financing is adopted, it is desirable 
that present owners and beneficiaries 
do not carry too much of the load for 
the benefit of future generations. 

Mr. Friev: In regard to the distri- 
bution of original costs among users 
and non-users, the costs of sewers and 
treatment works, which relate to the 
system as a whole, should be put in 
one classification, and the funds nec- 
essary to support that cost should be 
raised from one source. Then there 
are the costs incurred in the construc- 
tion of branch sewers on individual 
streets to serve individual properties. 
Those costs should be put in another 
category and the costs allocated to 
the persons benefiting by the sewers. 
Last, of course, there are the service 
charges, which constitute an annual 
charge to be levied in support of the 
other two costs. 

With today’s high construction 
costs, it is necessary to divide costs in 
some such fashion as has been de- 
scribed in accordance with the so- 
called three-point method. 

MODERATOR CLEARY asked Mr. 
Schroepfer to develop more fully a 
statement from the joint report to the 
effect that the exclusive use of any one 
method of financing will result in in- 
equities or unfairness. 

Mr. SCHROEPFER: All of us prob- 
ably realize that at least two-thirds 
of the industries discharge through 
municipal sewers and that industry 
influences, and sometimes actually 
controls, whether a project goes ahead 
or not. To approach fairness to all 
classes of users and property in allo- 
cating the cost, for example, of an in- 
tercepting sewer, ground-water infil- 
tration, surface runoff, and the pro- 
vision that is made for the future are 
proper charges on property, and the 
contribution of sewage and industrial 
wastes is a proper charge on the user. 
It is possible in a particular project to 
go through and first allocate those 
costs to users and properties and then 
to work up a rate schedule for distrib- 
uting those allocations. If all the 
charge is put on a property basis, cer- 
tain properties, such as home owners, 
then pay considerably more than their 


fair share. If it is put on a use basis, 
as is the case when volume or pollution 
contribution is the basis, then indus- 
tries pay far more than their fair 
share. 

MopERATOR CLEARY asked Mr. 
Niles to comment on the question as 
to whether general-obligation bonds 
are running at the present time about 
one-half of 1 percent less than revenue 
bonds. 

Mr. Nives: At least in some states 
the municipality in issuing revenue 
bonds can provide in the ordinance 
that the debt service be met by coilec- 
tions from charges to those benefited, 
Furthermore, the city guarantees 
that, in case they are not sufficient to 
retire the obligation, the municipality 
stands back of the bond issue. For 
practical reasons, the revenues may 
be expected to be sufficient so that 
the city won't have to pay out any 
money as a result of its guarantee. 
However, there are places where that 
is permitted without adding the 
amount of the bonds issued to the 
amount of bonds within the bonded 
indebtedness limit. That results, as 
I understand it, in an appreciably 
lower rate of interest. It brings the 
interest on the revenue bonds down 
within the same range as the interest 
on general obligation bonds. 

Mr. Friec: The problem of financ- 
ing sewerage costs must be divided 
into two parts. Financing the sew- 
age treatment plant itself constitutes 
one type of problem. Financing a 
treatment plant and a sewerage sys- 
tem—the whole works—is another 
problem. 

If we have to finance treatment 
works alone or if we have to enlarge 
an existing plant, then the problem 
isn’t too great. You can usually 
finance such construction either by 
the issuance of general obligation 
bonds (if the debt limitations of the 
municipality. are within the borrowing 

capacity of the loan) or by revenue 
bonds. The trend today is to do it 
by revenue bonds. The annual rental 
that must be imposed to finance the 
debt service and the operating costs 
of a new plant or a plant expansion 
will uot be too great. 

When we get to the problem of 
having to finance a sewage treatment 
works plus a sewer system, that is 
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plants under today’s high costs 


where we get into trouble with to- 
day’s high costs. Costs will probably 
be double as far as the annual carry- 
ing charge is concerned. Debt serv- 
ice plus operation plus factor of safety 
will make it double. 

Then ways and means must be de- 
vised of doing something beyond the 
general obligation bond or the reve- 
nue bond. That might be accom- 
plished by assessing the cost of the 
sewers and, possibly, the sewage 
treatment plant against taxation. 
Enough should be collected from tax 
money to pay the carrying charge on 
those improvements. Then assess 
the cost of the individual sewer line in 
front of an individual house against 
that property as a lump-sum assess- 
ment. The carrying charges in so far 
as operation is concerned, and the 
surplus necessary might be borne by 
sewer rental. 

Thus you have a_ three-pronged 
method of financing. What you are 
doing actually is reducing your annual 
rental by paying a lump-sum down 
payment on your assessment, and I 
believe that is the proper way to do it 
under today’s conditions. 

MODERATOR CLEARY: Are 
any comments from the floor? 

CHARLES A. EMERSON (New York): 
During the past few weeks I have been 
having tussles with a number of bond 
attorneys. One of them took the at- 
titude that the pronouncement of the 
Superior Court in one of our nearby 
states some years ago was to the effect 
that all of these financing methods 
were but thinly veiled subterfuges to 
raise taxes, and that the real criterion, 
whether it be ad valorem taxes or reve- 
nue bonds, is the ability of that mu- 
nicipality to pay in the opinion of the 
bankers. In the final analysis, if any 
of these bond interests are repudiated 
by the municipality, then it is the 
bankers who are sold these bonds and 
who resell them, and it is the public 
that bears the burden. 

The simple, bald question is, how 
much can taxes be raised, because 
that is what John Q. Public looks at. 
He adds his general tax bill, his water 
bill, and his sewer rental bill together. 
How are we going to raise taxes 
enough to cover these expensive con- 
struction and operating costs? You 
have got to throw it all into the pot. 


there 
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How can you make the public pay, as 
viewed by the bankers who buy the 
bonds? 

MODERATOR CLEARY: Mr. Greeley, 
would you comment on that? 

Mr. GREELEY: The matter Mr. 
Emerson brings up was passed on by 
the highest court in New York State, 
in connection with the Buffalo case. 
They ruled that the two-part rate, 
one part based on use, the other part 
based on property, was not a tax; 
and they have been going along on 
that basis for the past twelve or four- 
teen years. 

It seems to me one of the difficul- 
ties has been failure on the part of 
those of us who in the past explained 
the matter to the courts. If that had 
been done fully and fairly, we might 
have avoided the present confusion 
regarding rates and rate structures on 
water and sewage works. The ruling 
of the New York court is not neces- 
sarily the only ruling on that particu- 
lar point. What is really needed is a 
more fundamental approach to the 
problem, so that those of us who have 
to pass on it will understand what is 
actually involved in the method of 
financing these works. 

MR. SCHROEPFER: It occurs to me 
that Mr. Emerson was considering 
the problem of relieving the tax load. 
You realize that 80 percent of the 
communities finance all their sewage 
improvements by charges on property, 
which we do not think is fair. The 
two-part method is a happy com- 
promise in that it puts at least part of 
the burden on the user instead of put- 
ting it all on property. 

MopERATOR CLEARY then asked 
Mr. Steinmetz to comment on the 
question, ‘“‘What can we do in those 
small communities where the installa- 
tion of sewage disposal facilities in- 
volves huge per capita expenditures? 
In other words, is there any way to 
offset the penalty for smallness in 
size?” 

Mr. STEINMETZ: One of the things 
that can be done is for the small com- 
munity to start taking care of sewage 
disposal in a small way. In many 
situations, primary treatment and 
sterilization will serve for a time until 
the community is able to do a better 
job and improve its sewage disposal 
facilities. This is particularly true if 


the stream on which the community is 
located is a large one. 

MODERATOR CLEARY asked Mr. 
Greeley to answer the question, “If 
federal grants-in-aid or loans were 
made available to municipalities for 
sewage disposal improvements, on 
what basis would you determine who 
would get what?” 

Mr. GREELEY: I do not think there 
is any answer to the question. You 
will find it discussed in a 1936 publi- 


cation of the National Resources 
Committee, entitled. Public Works 
Planning. My feeling is that there 


shouldn't be any federal grants to 
local government agencies unless and 
except in times of emergency when 
the country as a whole needs that 
kind of thing. 

MODERATOR CLEARY: 
do you share that belief? 

Mr. Frie_: Yes, and I should like 
to develop that thought a little further 
by suggesting that possibly such 
grants and aid may come from the 
states and not from the federal gov- 
ernment because the federal debt is 
so high in relation to the state debts. 
It is probably more appropriate for 
any further grants to come from the 
states, although I am not in favor of 
grants from either the states or the 
federal government. 

Mr. STEINMETZ: I know of no bet- 
ter way of encouraging the communi- 
ties that have not constructed sewage 
disposal facilities to delay and ask for 
extension of time than to hold out 
hope of federal money some time in 
the future. That is one of the head- 
aches of agencies that are trying to 
get backward communities to catch 
up. They hope that if they hold off 
a bit longer, somebody will help them 
get what other communities have al- 
ready got for themselves. 

Mr. Nives: I suppose if the only 
reason a community has not gone 
ahead with sewage treatment is that 
it just couldn't figure a way to finance 
it, it might receive consideration if 
such a thing as federal grants-in-aid 
were put across. Generally, how- 
ever, it seems to me grossly unfair to 
the community that has gone ahead 
and paid for its own pollution correc- 
tion to have its upstream neighbor 
get some government money that 
gives it a free ride. 


Mr. Friel, 
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Level of engineering education must be raised 


ENGINEERING education in Amer 
ica was not developed after a precon 
ceived plan. It evolved in parallel 
with the needs of a growing country, 
a country engaged in the develop- 
ment of a vast industrialization. 
From the first it filled a practical 
need, and its design emanated largely 
from an evaluation of the professional 
requirements. 

From the earliest days the program 
was limited to four years. A very few 
schools added one or two years, with 
an additional degree. The medical, 
legal and architectural professions 
have extended their length of program 
to meet their particular objectives. 
The sciences, without exception, have 
been obliged to extend their programs 
through the addition of graduate 
work. Today no scientist is con- 
sidered adequately trained without 
the doctor's degree. Whether gradu- 
ate work is an appropriate program 
for the professional engineer is one 
of the questions dealt with [here }. 

Probably the most significant single 
characteristic of the engineering edu- 
cational field is that it has no gener- 
ally accepted professional objective 
as a goal for the educational pro- 
gram. There is general agreemeut re- 
specting the form of the curriculum. 
The major differences lie in the depth 
of instruction and in the objective of 
each institution in respect of the 
professional outlook to be achieved. 
There exists today a spectrum of ob- 
jectives ranging from highly profes- 
sional programs supported by strong 
science backgrounds to vocational 
programs in which only a moderate 
amount of science is included. 

It is possible to divide the subjects 
included in any engineering cur- 
riculum into five groups, as follows: 


1. Basic science (mathematics, 
physics, chemistry, biology). 


2. Applied science (mechanics, 
thermodynamics, fluid mechanics, 
geology, circuit theory, properties of 
engineering materials, etc.). 
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43. Applied engineering (for ex- 
ample, internal combustion engines, 
structures, machine design, industrial 
electronics, foundry technology, plant 
design, etc.). 

+. Administrative and managerial 
(cost control, industrial organization, 
labor relations, etc.). 

5. General (liberal courses, to 
provide a general educational back- 
ground). Curricula may vary in the 
emphasis placed upon any one group, 
and in the extent of dominance of 
one group over others. 

Historically, applied engineering 
courses dominated the curriculum 
in the early years. Gradually the 
pattern of basic science courses was 
evolved and generally included. Shop 
courses were reduced to a minimum. 
From 1885 until the first World War, 
mathematics was stabilized in the 
older curricula, terminating with the 
calculus. Since then only a few 
schools have carried the subject fur- 
ther in civil, chemical, mining, and 
mechanical engineering, while many 
schools have required additional 
mathematics in electrical engineering. 
Except in chemical engineering, and 
in some cases of mining engineering, 
the amount of chemistry required has 
been limited to general inorganic 
chemistry. 

The time requirement in physics 
has remained nearly constant in most 
curricula since about 1885. In civil 
and mechanical engineering the 
amount of physics is limited to one 
year in most schools; and in many 
the same limit is found in electrical 
and chemical engineering. Gener- 
ally, however, the approach from the 
point of view of atomic and molecu- 
lar structure is needed but wanting. 

The time devoted to mechanics is 
similar in nearly all schools. The 
variation in effectiveness of the course 
is not due to allotted time so much as 
to the depth of instruction. For 
many years it was the custom to 
minimize the use of the calculus in 
this subject. In civil engineering 


dynamics is regarded as being un- 
necessary, yet fatigue is becoming 
more important in structural design. 
Hydraulics used to be taught from 
the empirical standpoint. Between 
the two wars there was pressure, 
emanating from the aeronautics field, 
for instruction in fluid mechanics. 
‘Some schools dealt sincerely with this 
proposed change; but many others 
simply changed the course name from 
hydraulics to fluid mechanics. 


Factors of Major Significance 


Many perplexing problems stem 
from the fact that the engineering 
college, in preparing students for 
professional work that will reach 
maximum culmination twenty or 
more years hence, must evaluate haz- 
ily discernible future events. Apart 
from the teaching of the professional 
attitude toward engineering and the 
instilling of the engineering and 
scientific method of attack upon 
problems, there are certain specific 
features of the curriculum that can 
be accepted as most essential. 

The first of these has to do with 
courses least likely to obsolesce. 
While it is necessary to give a certain 
amount of instruction relating to the 
present state of the art, it is certain 
that the present state will change. 
Instruction in the basic sciences 
if taught in a manner such that 
knowledge of them makes available 
working tools, contributes the most 
sustaining part of the curriculum. 
Among these basic sciences, the great- 
est potential for future development 
in science and technology is to be 
found in mathematics. Mathematics 
not only becomes the support of the 
group of courses that will obsolesce 
least; it becomes the means of fur- 
ther technical growth as befits the 
graduate’s interest and need. Build- 
ing into the program this and other 
means for technical self-development 
of the individual after graduation is 
the second most important feature of 
a well-designed curriculum. 
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Need for giving students a greater knowledge of basic sciences and in- 
creased capacity for self-development and creative thinking was stressed 
in 1951 Annual Report of the ECPD Committee on Adequacy and Stand- 
ards of Engineering Education, here excerpted. 


The third feature of ranking im- 
portance has to do with the way in 
which the applied courses are re- 
lated to those in basic and applied 
science. Two distinct approaches are 
discernible in present practices: one 
utilizes the- engineering situations 
provided in the applied courses to 
illustrate the manner of employing 
the sciences in engineering work, while 
the other makes the applied courses 
the goal of the curriculum with the 
minimum of application of the sci- 
ences. The former builds into the 
student a power of analysis and reso- 
lution in engineering situations that 
permits a wide range of application. 
The latter tends toward the achieve- 
ment of a series of skills intended to 
equip the student for specific jobs. 
The first is professional preparation, 
the second vocational training. 

‘Following the concept that the dif- 
ferentiating characteristic of the engi- 
neering function is the ability to 
utilize the sciences for the creative 
process of design and development of 
useful apparatus, structures or other 
works, the program should aim at the 
development and expansion of the 
imaginative process of creative 
thought. Engineering educational 
processes are most commonly of the 
problem type, requiring but a single 
answer, with no latitude for judg- 
ment, and no imaginativeness beyond 
the visualization of the circumstance 
of the problem. Programs in archi- 
tecture far surpass those in engineer- 
‘ng in this respect. We tend toward 
producing a literal-mindedness that 
is not compatible with creative im- 
agination. 

It is believed that quantitative 
specifications for engineering cur- 
ricula are not adequate as guides to 
curriculum planning because they 
tend toward regimentation, toward 
fixation, and toward eventual stag- 
nation of awareness of the profes- 
sional needs. 

Engineering is both a science and an 
art. A balance between both is de- 
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sirable. The tendency has been to 
emphasize the art unduly. The 
“engineering approach’’ can be pre- 
sented in the manner in which sci- 
ence is brought to bear on an engi- 
neering situation. Much of the art 
can better be acquired in the field. 


Suggested Program 


The quality of engineering cur- 
ricula varies over a wide range, from 
highly developed professional pro- 
grams to those having a predomi- 
nantly vocational content. The fore- 
going discussion relates especially to 
the middle and lower portion of the 
range. Accrediting procedures re- 
late almost entirely to the minimum 
standards, and tend to breed com- 
placency among those schools that 
just barely satisfy such a standard. 
While accrediting must be maintained 
as a part of the licensing procedure, it 
cannot be expected that accrediting 
of itself will achieve the improvement 
of schools that satisfy the minimum 
requirements—unless two or more 
classes of schools were established and 
accrediting set up for each class. 
Such a scheme would neither be 
welcome nor desirable. Rather, the 
engineering educational field has a 
great opportunity to study itself, 
with the object of finding ways at all 
levels to improve its service to the 
profession. What is now needed is 
active study and self-appraisal by 
the schools themselves, looking to- 
ward implementation of recommenda- 
tions already made. 

The basic program in engineering 
leading to the first degree in the field 
should be of a quality to suffice for 
the professional need of perhaps 80 
percent of the graduates. Truly 
graduate work should be reserved for 
the remaining few having special 
competence. The responsibility for 
support of the profession must rest 
chiefly upon the adequacy of the 
undergraduate program. 

The great pressure upon the engi- 
neering schools to provide general 
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education in addition to an increased 
scientific and technical training brings 
them constantly face to face with the 
limitation in time imposed by the 
conventional curriculum. It is per- 
haps time that this problem was ap- 
proached in terms of total need; and 
then the time required to achieve 
this need be measured beginning 
with the preparation now available 
from the secondary schools. For 
many years the approach has been to 
see what can be given within the four- 
year framework, with the result of 
over-crowding the prog*am and with 
a general shifting first in one direc- 
tion and then another without total 
gain in achievement. Other pro- 
fessions have had to face this issue. 
If engineering maintains professional 
stature, it will have to organize ac- 
cordingly. Some have suggested a 
pre-engineering period in which the 
high school preparation may, if 
necessary, be augmented to a desired 
level before beginning engineering 
study. 

Finally, it becomes clear that there 
is going to be a shortage of engineers 
for many years to come. At such 
a time, in the national interest, it is 
of paramount importance that the 
best possible education in engineering 
be provided by our schools. Each 
man is going to be called upon to 
cover a greater range than hereto- 
fore, if the engineering needs are to 
be met. Every school should devote 
itself to ways of substantial improve- 
ment of its program, to the end that 
its graduates will meet the responsi- 
bilities being placed upon them. 
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Power facilities at South Holston Dam 


include submerged intake 


THIS article describes the over-all layout of the power instal- 
lation at the South Holston project, constructed by the Tennessee 
Valley Authority, and explains the steps leading to the adoption 


of some features not commonly found on a project of this type. 


THE SOUTH Holston project, lo- 
cated on the South Fork of the Hol- 
ston River, near Bristol, Tenn., is a 
multipurpose project for flood con- 
trol and power. The drainage area is 
703 sq miles, and the average un- 
regulated flow is 1,020 cfs. The 
reservoir provides 550,000 acre-ft of 
controlled storage available for power, 
and an additional 110,000 acre-ft 
reserved for flood control. The head 
varies from a maximum of 257 ft toa 
minimum of 127 ft. The dam, witha 
height of 290 ft, is of earth fill with 
rock-fill shoulders. The flood out- 
lets are located on the left bank, and 
the power installation is on the right 
bank. 

The annual firm power output at 
the site is 136,000,000 kwhr. In 
addition, the regulating effect on the 
stream flow will make available an- 
nually 311,000,000 kwhr of firm 
power at downstream plants. When 
the project was first authorized in 
1942, studies indicated the advis- 
ability of installing facilities to ac 
commodate initially two 25,000-kw 
units, with provision for a third such 
unit in the future. Later power stud- 
ies reduced this to two units, and 
finally to one unit of 35,000-kw 
capacity. 

The earliest plan, developed under 
wartime restrictions on critical mate- 
rials, notably steel, proposed a dry 
tower intake, an 1S8-ft-dia concrete- 
lined tunnel through the right abut- 
ment, a concrete-lined surge tank 
excavated in rock, and an indoor-type 
powerhouse located at the toe of the 
dam. Work on that plan was halted 
by the War Production Board before 
much progress had been made on the 
design of the power facilities. Later 
and more extensive investigations of 
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geologic conditions showed the rock 
to be of such poor quality that a 
surge tank excavated in rock would 
be inadvisable. 


Three Alternative Plans Studied 


Postwar studies included three 
alternative plans. One proposed a 
short penstock and a powerhouse 
located in a cavity excavated in the 
right abutment, and a long tailrace 
tunnel to the river below the dam. 
The second plan proposed a concrete- 
encased steel penstock under the dam 
without a surge tank, and the third 
plan proposed a steel-lined tunnel 
with a steel surge tank built above 
rock. Plan |, although highly satis- 
factory from an operational stand- 
point, involved a large quantity of 
expensive excavation. The purpose 
of Plan 2 was to shorten the penstock 
sufficiently to eliminate the need for 
a surge tank. This shortening was 
achieved by carrying the penstock 
on a straight line under the dam. 
To obtain the desired generator- 
speed regulation required a consider- 
able increase over the normal ro- 
tating inertia, or wr* of the generator. 
This in turn increased the size of the 
powerhouse and required a larger 
crane, so that the over-all cost of this 
plan became high. 

Comparison of the three plans led 
to the adoption of Plan 3 as the most 
economical. Comparative estimates 
then were made for various types 
of component structures. For the 
intake, a comparison between the 
costs of a wet tower intake with cater- 
pillar gates and a submerged cham- 
ber containing a butterfly valve, led 
to the adoption of the submerged- 
type intake. A comparison of a dif- 
ferential surge tank and a restricted- 


orifice tank led to the adoption of the 
restricted-orifice type. The general 
layout of the intake, the power con- 
duit with the surge tank, and the 
powerhouse is shown in Fig. 1. 

The first layout of the intake was a 
conventional U-shaped tower provid- 
ing for the setting of a tractor-type 
gate with hoisting and handling ma- 


chinery. Because of the large fluc- 
tuations of the headwater at this 
project, from El. 1616 to El. 1753, 


the tower would have had to be 
about ISO ft high and the whole 
layout would have been rather costly. 
Instead, a butterfly-valve installa- 
tion was found to be the least ex- 
pensive and most reliable means of 
headwater control, and it was adopted. 
Only a_ watertight chamber for 
housing the valve and the controls, 
and a means of access were required. 
A saving of $260,000, as compared to 
the more conventional layout, was 
realized. 

The general arrangement of the 
intake and access is shown in Fig. 2. 
The intake consists of a chamber with 
inside dimension of 18.5 ft by 32 ft by 
32 ft high, containing the 180-in. 
motor-operated butterfly valve and 
the necessary auxiliary equipment. 
The valve is operated by a 7.5-hp d-c 
motor and designed to fully close or 
open in 6 min. It can also be oper- 
ated by hand in case power is not 
available. No provision was made 
for moving the disk or the housing 
out of the chamber, as it is very un- 
likely that the need to do so will ever 
arise. Downstream of the butterfly 
valve are installed a vacuum relief 
valve and an 8-in. penstock vent. 

Access to the chamber is through a 
culvert 7 ft high by 6 ft 6 in. wide, 
which slopes up the hillside and ter- 
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minates in the basement of the visi 
tors’ building. The culvert is trenched 
into the rock. The thicknesses of the 
walls and slabs of the culvert were 
set at a minimum of 3 percent of the 
hydrostatic head to reduce seepage. 
The culvert contains tracks for a two- 
man cable car and a stairway for 
emergency use. This inclined access 
culvert was found to be less expen- 
sive than a vertical elevator shaft 
and horizontal tunnel. 

Two S-in. pipes located in_ the 
power tunnel invert drain the valve 
chamber to the tailrace. The drains 
have two inlets each, one at the 
floor level and one up on the wall to 
prevent flooding of the chamber to 
more than about a 2-ft depth in case 
the floor inlets become clogged by an 
accumulation of waste. 

The valve chamber is ventilated 
by a fan in the visitors’ building, 
which forces air down through an S8-in. 
pipe to the chamber and exhausts it 
back up the access culvert. 

Percolation rings around the pen- 
stock sections at both the upstream 
and downstream walls of the chamber 
also act as thrust rings to resist the 
reaction from the butterfly valve. 
Stiffener rings at the downstream 
end of the steel liner prevent buckling 
due-to outside hydrostatic head when 
the conduit is unwatered. During 
unwatering operations the penstock 
is subject to a partial vacuum equal 
to about 5 ft of hydrostatic head. 
Inside the valve chamber, where the 
liner is free to deform, a plate thick- 
ness of | in. was required to prevent 
buckling. 

Both the chamber and the access 
culvert were coated on the outside 
with two coats of waterproofing as 
an extra precaution against seep- 


CIVIL ENGINEERING ¢* January 1952 





FIG. 1. 
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POWER FACILITIES at TVA’s South Holston Dam include submerged power 
intake; partly steel-lined pressure-tunnel penstock 15 ft in diameter, bored through right 
abutment; restricted-orifice steel surge tank; powerhouse with a single 48,500-hp turbine; 
and outdoor transformer and switch yard. 
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face of the intake will allow closure 
at low headwater elevations to per- 
mit inspection and repair of the 
butterfly valve and the intake pen- 
stock. 

The trashrack structure, built 
against the sloping upstream face of 
the intake valve chamber, consists 
of a semicircular-shaped framework 
of concrete columns and struts sup- 
porting steel trashrack sections. The 
structure is proportioned to give a 
maximum velocity through the gross 
area of the trashracks of 2.8 fps and 
is designed to withstand ar unbal- 
anced hydrostatic head of 10 ft. 


cavated upstream of the intake for 
efficient operation at low headwater 
elevations. The view on the follow- 
ing page (Fig. 2) shows the com- 
pleted intake and the access culvert. 


Penstock Tunnel in Abutment Rock 


The penstock tunnel was located 
through the abutment of the dam so 
that it would not interfere with the 
building of the dam. The space 
available for the powerhouse was 
confined within narrow limits on the 
right bank of the river. The power- 
house was set into the toe of the dam 
to shorten the power conduit. 
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Power facilities at South Holston Dam 


include submerged intake 


THIS article describes the over-all layout of the power instal- 
lation at the South Holston project, constructed by the Tennessee 
Valley Authority, and explains the steps leading to the adoption 


of some features not commonly found on a project of this type. 


THE SOUTH Holston project, lo- 
cated on the South Fork of the Hol- 
ston River, near Bristol, Tenn., is a 
multipurpose project for flood con- 
trol and power. The drainage area is 
703 sq miles, and the average un- 
regulated flow is 1,020 cfs. The 
reservoir provides 550,000 acre-ft of 
controlled storage available for power, 
and an additional 110,000 acre-ft 
reserved for flood control. The head 
varies from a maximum of 257 ft toa 
minimum of 127 ft. The dam, witha 
height of 290 ft, is of earth fill with 
rock-fill shoulders. The flood out- 
lets are located on the left bank, and 
the power installation is on the right 
bank. 

The annual firm power output at 
the site is 136,000,000 kwhr. In 
addition, the regulating effect on the 
stream flow will make available an- 
nually 311,000,000 kwhr of firm 
power at downstream plants. When 
the project was first authorized in 
1942, studies indicated the- advis- 
ability of installing facilities to ac- 
commodate initially two 25,000-kw 
units, with provision for a third such 
unit in the future. Later power stud- 
ies reduced this to two units, and 
finally to one unit of 35,000-kw 
capacity. 

The earliest plan, developed under 
wartime restrictions on critical mate- 
rials, notably steel, proposed a dry 
tower intake, an 18-ft-dia concrete- 
lined tunnel through the right abut- 
ment, a concrete-lined surge tank 
excavated in rock, and an indoor-type 
powerhouse located at the toe of the 
dam. Work on that plan was halted 
by the War Production Board before 
much progress had been made on the 
design of the power facilities. Later 
and more extensive investigations of 


98 (Vol. p. 74) 


geologic conditions showed the rock 
to be of such poor quality that a 
surge tank excavated in rock would 
be inadvisable. 


Three Alternative Plans Studied 


Postwar studies included three 
alternative plans. One proposed a 
short penstock and a powerhouse 
located in a cavity excavated in the 
right abutment, and a long tailrace 
tunnel to the river below the dam. 
The second plan proposed a concrete- 
encased steel penstock under the dam 
without a surge tank, and the third 
plan proposed a steel-lined tunnel 
with a steel surge tank built above 
rock. Plan |, although highly satis- 
factory from an operational stand- 
point, involved a large quantity of 
expensive excavation. The purpose 
of Plan 2 was to shorten the penstock 
sufficiently to eliminate the need for 
a surge tank. This shortening was 
achieved by carrying the penstock 
on a straight line under the dam. 
To obtain the desired generator- 
speed regulation required a consider- 
able increase over the normal ro- 
tating inertia, or wr? of the generator. 
This in turn increased the size of the 
powerhouse and required a larger 
crane, so that the over-all cost of this 
plan became high. 

Comparison of the three plans led 
to the adoption of Plan 3 as the most 
economical. Comparative estimates 
then were made for various types 
of component structures. For the 
intake, a comparison between the 
costs of a wet tower intake with cater- 
pillar gates and a submerged cham- 
ber containing a butterfly valve, led 
to the adoption of the submerged- 
type intake. A comparison of a dif- 
ferential surge tank and a restricted- 


orifice tank led to the adoption of the 
restricted-orifice type. The general 
layout of the intake, the power con- 
duit with the surge tank, and the 
powerhouse is shown in Fig. 1. 

The first layout of the intake was a 
conventional U-shaped tower provid- 
ing for the setting of a tractor-type 
gate with hoisting and handling ma- 
chinery. Because of the large fluc- 
tuations of the headwater at this 
project, from El. 1616 to El. 1753, 
the tower would have had to be 
about 180 ft high and the whole 
layout would have been rather costly. 
Instead, a butterfly-valve installa- 
tion was found to be the least ex- 
pensive and most reliable means of 
headwater control, and it was adopted. 
Only a_ watertight chamber for 
housing the valve and the controls, 
and a means of access were required. 
A saving of $260,000, as compared to 
the more conventional layout, was 
realized. 

The general arrangement of the 
intake and access is shown in Fig. 2. 
The intake consists of a chamber with 
inside dimension of 18.5 ft by 32 ft by 
32 ft high, containing the 180-in. 
motor-operated butterfly valve and 
the necessary auxiliary equipment. 
The valve is operated by a 7.5-hp d-c 
motor and designed to fully close or 
open in 6 min. It can also be oper- 
ated by hand in case power is not 
available. No’ provision was made 
for moving the disk or the housing 
out of the chamber, as it is very un- 
likely that the need to do so will ever 
arise. Downstream of the butterfly 
valve are installed a vacuum relief 
valve and an 8-in. penstock vent. 

Access to the chamber is through a 
culvert 7 ft high by 6 ft 6 in. wide, 
which slopes up the hillside and ter- 
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minates in the basement of the visi 
tors’ building. The culvert is trenched 
into the rock. The thicknesses of the 
walls and slabs of the culvert were 
set at a minimum of 3 percent of the 
hydrostatic head to reduce seepage 
The culvert contains tracks for a two- 
man cable car and a stairway for 
emergency use. This inclined access 
culvert was found to be less expen- 
sive than a vertical elevator shaft 
and horizontal tunnel. 

Two S-in. pipes located in the 
power tunnel invert drain the valve 
chamber to the tailrace. The drains 
have two inlets each, one at the 
floor level and one up on the wall to 
prevent flooding of the chamber to 
more than about a 2-ft depth in case 
the floor inlets become clogged by an 
accumulation of waste. 

The valve chamber is ventilated 
by a fan in the visitors’ building, 
which forces air down through an S-in. 
pipe to the chamber and exhausts it 
back up the access culvert. 

Percolation rings around the pen- 
stock sections at both the upstream 
and downstream walls of the chamber 
also act as thrust rings to resist the 
reaction from the butterfly valve. 
Stiffener rings at the downstream 
end of the steel liner prevent buckling 


‘due to outside hydrostatic head when 


the conduit is unwatered. During 
unwatering operations the penstock 
is subject to a partial vacuum equal 
to about 5 ft of hydrostatic head. 
Inside the valve chamber, where the 
liner is free to deform, a plate thick- 
ness of 1 in. was required to prevent 
buckling. 

Both the chamber and the access 
culvert were coated on the outside 
with two coats of waterproofing as 
an extra precaution against seep- 
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FIG. 1. 
intake; 

abutment; 
and outdoor transformer and switch yard. 






































POWER FACILITIES at TVA’s South Holston Dam include submerged power 
partly steel-lined pressure-tunnel penstock 15 ft in diameter, bored through right 
restricted-orifice steel surge tank; powerhouse with a single 48,500-hp turbine; 
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at low headwater elevations to per- 
mit inspection and repair of the 
butterfly valve and the intake pen- 
stock. 

The trashrack structure, built 
against the sloping upstream face of 
the intake valve chamber, consists 
of a semicircular-shaped framework 
of concrete columns and struts sup- 
porting steel trashrack sections. The 
structure is proportioned to give a 
maximum velocity through the gross 
area of the trashracks of 2.8 fps and 
is designed to withstand an unbal- 
anced hydrostatic head of 10 ft. 


efficient operation at low headwater 
elevations. The view on the follow- 
ing page (Fig. 2) shows the com- 
pleted intake and the access culvert. 


Penstock Tunnel in Abutment Rock 


The penstock tunnel was located 
through the abutment of the dam so 
that it would not interfere with the 
building of the dam. The space 
available for the powerhouse was 
confined within narrow limits on the 
right bank of the river. The power- 
house was set into the toe of the dam 
to shorten the power conduit. 
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Within the limitations of the in- 
take and powerhouse locations, vari- 
ous alignments for the penstock tun- 
nel were investigated, the principal 
considerations being safety and econ- 
omy. The following factors deter- 
mined the final location: (1) The 
overburden on the major part of the 
tunnel had to be sufficient to with- 
stand the hydrostatic head, the mini- 
mum height of overburden required 
without dependence on the steel 
liner being 50 per cent of the hydro- 
static head; (2) the profile of the 
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tunnel required a continuous slope 
from the intake to the powerhouse for 
unwatering; (3) the horizontal and 
vertical alignment had to give mini- 
mum head losses. 

Studies of friction losses in pen- 
stock tunnels of various sizes gave 
the most economical diameter as 15 
ft in the part where the overburden 
was sufficient to withstand the full 
hydrostatic head, and 14 ft where the 
steel liner was required to carry part 
or all of the hydrostatic load. It was 
feared that a concrete lining would 
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SUBMERGED POWER INTAKE is controlled by single 180-in. buttertly valve oper- 


ated by 7'/,-hp remote-controlled motor. Motor is set in watertight chamber, reached through 


inclined culvert with entrance above reservoir level. 


150 ft above roadway shown in photograph. 


Normal reservoir operating level is 





100 (Vol. p. 76) 





crack, permitting water to leak 
through sandstone layers into the 
earth core of the dam and cause pip- 
ing. This undesirable possibility was 
prevented by extending the steel lin- 
ing through the area from which leak- 
age might reach the core. 

To permit transportation of the 
steel liner rings into the tunnel from 
the downstream portal, the tunnel 
was bored to a diameter of 16.5 ft, 
giving a minimum cover of 9 in. 
around the liner. The invert was 
enlarged to a horseshoe shape to ac- 
commodate drain pipes and rails for 
transporting the liner segments into 
place. 

The upstream 547 ft of the liner is 
made up of */,-in. steel plate. In- 
vestigations indicated that this plate 
would buckle under an external pres- 
sure of 85 ft of head. The maxi- 
mum external pressure, correspond- 
ing to full reservoir at El. 1,753, 
is about 250 ft of head. To con- 
struct the liner strong enough to pre- 
vent buckling under a maximum ex- 
ternal head of 250 ft when the tunnel 
is unwatered, would have required a 
heavy plate about 1'/, in. thick, or 
closely spaced. stiffener rings. In- 
stead of such construction, it was 
decided to prevent any substantial 
hydrostatic pressure from building 
up around the outside of the steel 
liner by placing continuous drain 
pipes along each side of it. These 
pipes drain to tailwater. The drains 
are bell-and-spigot concrete pipe laid 
with open joints and encased in a 
collar of porous concrete. 

A grout curtain was placed at the 
upstream end of the liner by drilling 
holes 10 ft deep into the rock and 
grouting under pressure. Just down- 
stream of the grout curtain, a con- 
crete drain pipe was laid around al- 
most the full circumference of the 
liner and connected to the longitudi- 
nal drains. Grout holes were pro- 
vided in the top of the steel liner, 
spaced about 8 ft on centers. After 
erection and concreting of the liner, 
these holes were drilled through the 
surrounding concrete to rock and 
grouted under a pressure of 10 psi 
to ensure continuous contact between 
the liner and the concrete and to fill 
voids between the concrete and the 
rock. The precautions mentioned 
above are expected to eliminate any 
danger of buckling of the steel liner. 

Between the downstream tunnel 
portal and the powerhouse, a 52-ft 
length of the steel penstock is en- 
cased in an envelop of reinforced 
concrete which carries the surcharge 
from the rock-fill dam. 

Two layouts were investigated for 
the surge tank: one for an elevated 
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tank immediately upstream of the 
powerhouse, and the other for a tank 
supported on a slab poured on solid 
rock, the tank being connected to the 
penstock by a vertical shaft excavated 
in rock. The second arrangement was 
less expensive, and the regulating 
characteristics were satisfactory. Ifa 
differential tank were used, it was 
estimated that the internal riser 
would cost approximately $50,000. 
Preliminary comparative design in- 
dicated that a restricted-orifice tank 
of the same diameter would give 
operating characteristics very similar 
to those of the differential type. A 
model test of a_ restricted-orifice 
tank in the hydraulic laboratory con- 
firmed the results of the design, and 
this type of tank was adopted. 

Some concern was felt as to the 
effect of the restricted orifice on the 
water-hammer, but design investiga- 
tion indicated that this was of minor 
importance and the prototype test, 
made with instruments for measuring 
water-hammer, proved this. A paper 
containing the results of the model 
and prototype tests was presented by 
R. A. Elder, M. ASCE, at the June 
195! Summer Convention of the 
ASCE in Louisville, Ky. 

The tank was proportioned for 100 
percent load demand or rejection with 
a 5-sec governor time. The orifice 
was proportioned to produce an im- 
mediate pressure change and then 
maintain it nearly constant in the first 
quarter cycle in order to minimize 
pressure oscillations in the conduit 
and prevent the governor from ‘“‘hunt- 
ing."’ The welded steel tank is 36 ft 
in diameter and 187 ft high, with the 
top elevation set about 6 ft above the 
maximum surge and the base eleva- 
tion about 6 ft below the minimum 
surge. The surge-tank base is a 5-ft- 
thick concrete pad poured on rock. 
The bottom of the tank is separated 
from the concrete foundation by a 
1'/,-in. layer of sand to allow for con- 
traction and expansion of the tank. 

The longitudinal axis of the power- 
house was made perpendicular to the 
axis of the dam to utilize the space 
over the draft tube for service facili- 
ties. The electrical bay is along the 
south side of the generator room ad- 
jacent to the transformer yard. 

The powerhouse is remotely con- 
trolled from a center about 18 miles 
from South Holston, which also con- 
trols the Watauga and Wilbur power- 
houses. (See article by Don H. 
Mattern, M.ASCE, Crvi_ ENGINEER- 
ING for August 1951, p. 46.) Thus 
three plants with a total installed 
capacity of 94,500 kw are controlled 
from one center. 

For a station housing two units or 
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less, in the experience of the TVA, 
the indoor type of powerhouse has 
proved less costly than the semi- 
outdoor or outdoor type. This is 
partly because of the higher cost of 
the outdoor-type.crane, and the fact 
that the enclosed erection space avail- 
able on the generator-room floor with 
an indoor-type powerhouse, will have 
to be provided somewhere else when 
an outdoor or semi-outdoor power- 
house is used. 

The South Holston powerhouse is 
of the indoor type, with the entrance 
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at the generator-room floor level. 
The general layout is shown in Fig. 3. 
The substructure is reinforced con- 
crete, and the superstructure is struc- 
tural steel framing with insulated 
aluminum Q-panel walls. The roof is 
steel Q-decking covered with 1 in. 
of insulation, topped by built-up 
roofing and a thin layer of gravel. 
This type of siding and roof was 
chosen for economy and speed of 
erection. The powerhouse provides 
space for the vertical setting of one 
unit. 


FIG. 3. INDOOR-TYPE POWER- 
HOUSE was found less costly 
than outdoor type. Structure has 
walls of aluminum. This 35,000- 
kw plant is remotely controlled 
from center 18 miles away, which 
also controls Watauga and Wil- 
bur power plants. Thus three 
plants with total installed capac- 
ity of 94,500 kw are remotely 
controlled from one center. 
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The turbine, a single-runner Fran 
cis type, is rated at 48,500 hp at full 
gate under an 180-ft net head at 144 
rpm. The best efficiency is at a net 
head of 205 ft and an output of 48,500 
hp. The runaway speed is 267 rpm, 
and the turbine is designed to with 
stand without damage the full run 
away speed for 60 min. The spiral 
casing is of riveted steel-plate con 
struction. The generator is rated at 
38,800 kva at a temperature rise of 
108 deg F. It is the completely en 
closed air-cooled type, with the air in 
turn cooled by water-cooled heat 
exchangers. 

The center line of the distributor 
is 7.5 ft above tailwater, with the 
unit running under normal condi 
tions. With the unit shut down and 
no flow through the spillway or 
sluices, the river below the tailrace is 
dry rhe tailrace and the draft tube 
can be drained into the station sump. 
rhe sump discharge outlet is into the 
river some distance downstream of the 


excavated  tailrace, and conse 
quently no draft-tube gates are re 
quired 


rhe leads from the powerhouse are 
carried to the three single-phase 
transformers in a tunnel. To carry 
off the heat generated by the ener 
gized leads, air drawn from the base 
ment in the electrical bay is forced 
through the tunnel. Single-phase 
transformers were used because of the 
difficulty of transporting and han 
dling the heavier three-phase type 
The transformers can be moved by a 
truck and trailer into the powerhouse 
for repairs. 

Costs on this project, exclusive of 
general expenses, were approximately 
as follows 


Powerhouse tructure $ 740,000 
I pment 850 O00 

> 590 000 

Surge tank 260 000 
Water conductor 790,000 
Intake and ace 470,000 


The station was placed in operation 
in February 1951 

All engineering and construction 
work for TVA is under the direction 
of C. E. Blee, M. ASCE, Chief Engi 
neer. R. A. Monroe, M. ASCE, is 
Chief Design Engineer. A. A. Meyer, 
M. ASCE, Chief of the Civil Design 
Branch of the Division of Design, 
has made many constructive con 
tributions to this paper. The hy 
draulic testing was done under the 
supervision of R. A. Elder, Assoc. M. 
ASCE, Head of the TVA Hydraulic 
Laboratory at Norris, Tenn 
This article is based on the paper presented 
by Mr. Lavik at a Power Division session 
presided over by James P. Growdon, at the 
ASCE Annual Convention 
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Sectional steel pipe provides 


economical shoring 


rO MEET the urgent need for simple low-cost shoring, a sec- 
tional steel pipe scaffolding is now being used by numerous 
contractors and has proven itself very adaptable. Typical 
of the scaffolding being used is Tube-Lox, a tube and coupler 
type, requiring only four basic components—interlocking tubes 
in various lengths, two types of couplers, and a base. The 
pipe scaffolding frames are about 5 ft wide and range in height 


from 3 to 10 ft. 


Adjustable legs easily bring the forms into grade. The fire 
hazard is reduced, and material recovery is 100 percent. The 
danger of warping is also eliminated. Ease of handling and 


small labor force are additional advantages. 


Safe working 


loads range up to 366 psf for the sectional type of scaffold- 
ing, depending on the spacing between frames, type of frame, 


and location of blocking timbers on frames. 
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Hydraulic Engineer, 


Harza Engineering Company, Chicago, Ill. 


SIMPLE CURVES have been found 
very useful in the solution of back- 
water problems which formerly re- 
quired long and careful trial-and- 
error calculations. Back in 1919, 
the late H. R. Leach, M. ASCE, 
presented some methods for the solu- 
tion of backwater problems which 
since have been accepted and used 
frequently. One of his methods is 
shown in Fig. 1, in which curves for 
each reach are drawn, showing the 
elevation of the water surface at the 
head of the reach as compared with 
its elevation at the foot of the reach. 
These curves are used to obtain a 
graphical solution of backwater pro- 
files for a known discharge with an 
indeterminate starting elevation. 
The data used in drawing the curves 
are obtained by any convenient 
method. Mr. Leach proposed the 
use of Ad curves in which the con- 
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solved by 


(See his article, ‘New Methods for 
the Solution of Backwater Problems,’ 
in Engineering News-Record, April 17, 
1919.) 

Several times the writer has been 
confronted with a more complex 
problem in which the discharge as 
well as the starting elevation was in- 
determinate. To facilitate the solu- 
tion of this type of problem, the data 
in Fig. | were rearranged as shown in 
Fig. 2. In Fig. 2 there is a curve for 
each discharge, representing the ele- 
vation of the water surface at the foot 
of a reach versus the change in the 
water surface elevation in the reach. 
Note that a new set of curves is re- 
quired foreach reach. In the method 
which was presented by Mr. Leach, a 
new set of curves is required for each 
discharge. 

The advantages obtained by ar- 
ranging the data as in Fig. 2 are 


significant. They are as follows: 
1. All computations up to the 
plotting of the data need not be 


FIG. 1. CURVES show elevations 
of water surface at head and foot 
of six reaches at known discharge 
of 1,000 cfs with indeterminate 
starting elevation. (From ‘New 
Methods for the Solution of Back- 
water Problems," H. R. Leach, 
Engineering News-Record, 
April 17, 1919.) 


FIG. 2. CURVES solve backwater 
problem when initial water stage 
and discharge are not definitely 
known. 


Complex backwater problems 


simple curves 


checked. Any errors greater than 
several hundreths of a foot are easily 
detected by visual inspection. This 
is so because the group of curves 
forms a family relationship in which a 
smooth transition of change in curva- 
ture occurs from the low to the high 
discharges. 

2. Use of the curves, once they are 
set up, saves a great deal of time in 
completing the backwater solution. 
The solution is direct. No trial-and- 
error computations are involved. 

3. Continuous, errorless computa- 
tions for the preparation of the data 
used to plot the curves is not re- 
quired. Elimination of this require- 
ment, a necessity in other methods, is 
in itself an important time-saving 
factor. 

The writer has used curves like 
those in Fig. 2 for the solution of 
various backwater problems and has 
found that they result in a definite 
saving of time as compared with other 
methods, with no loss in accuracy. 
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THE READERS WRITE 








Reinforcement Recommended for Buttress- Type Dam 


To tHe Epiror: In his discussion 
(September 1951, p. 54) of my article 
on a buttress-type dam with curved 
upstream face (June 1951, p. 50), L. A. 
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Schmidt, Jr., anticipates that “‘construc- 
tion joints” would limit the height of this 
type of dam. Perhaps he had in mind 
that the downstream deflection of the 


crest of the dam under full water pres- 

sure, by lengthening the arc of the con- 

cave curvature of the upstream slab 
(Continued on page 136) 
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AMERICAN SOCIETY OF CIVIL 


ENGINEERS 





NEW ORLEANS CONVENTION 


ST. CHARLES HOTEL, NEW ORLEANS, LA. 


MARCH 5-7, 1952 





REGISTRATION 


Mezzanine Floor of St. Charles 
Hotel, opens Wednesday, March 5, 
8:30 a.m.; each Convention day 


8:30 a.m. to 5:00 p.m 


Registration fee (except ladies and 
students), $3.00 


WEDNESDAY MORNING, 
MARCH 5 


Welcome to New Orleans 
and 


General Business Session 


10:30 A.M. BEAUREGARD ROOM, ST. CHARLES 


HOTEL 
Presiding: Carlton S. Proctor, Presi- 
dent, American Society of Civil 
Engineers 
10:30 Welcome by the Louisiana Section 
a.m. FRANK W. MacDona tp, Louisiana 


Section, ASCE 


Welcome by the City of New Orleans 
HONORABLE De Lesseps S. MorrRI 
SON, Mayor of the City of New 
Orleans 


11:30 General Business Session of ASCE 

a.m. Award of Daniel W. Mead Prize to 
Epcar G. Baucu, Jun. M. ASCE; 
Houston, Tex. 
Reports by Executive Secretary 
New business 

12:15 Adjournment for membership 


p.m. 


Response 
CaRLTon S. Proctor, 


luncheon 


MEMBERSHIP LUNCHEON 
Wednesday, March 5 


12:30 P.M. GRAND BALLROOM 


ROOSEVELT HOTEL 


ELSASSER, 
address the 


Ropert W. 
Counselor, will 
vention 
cal Variables in 
ministration.” 

New 


Davip W. Gopar, 


duce the speaker 


All members, their ladies, guests and 
friends of ASCE are cordially in- 
luncheon. 


vited to attend this 
Price $3.00 per plate 


President, 
American Society of Civil Engineers 


Business 
Con- 
His subject will be *‘ Politi 

Engineering Ad- 


Orleans 
Convention Chairman, will intro- 








AUTHORS’ BREAKFASTS 
ROOM A, ST. CHARLES HOTEL 
Wednesday, March 5, 8:15 a.m. 
Thursday, 
Friday, 


March 6, 8:15 a.m. 
March 7, 8:15 a.m. 


Briefing sessions for all speakers, 
discussers and program officials by 
invitation. Presiding: BERNHARD 
M. Dorneavatt, Chairman of Tech- 
nical Program 





HARBOR TRIPS 


Board of Port Commissioner’s Yacht 
“Good Neighbor” 


March 6 and 7, 1952 
For Members, Wives and Guests 
Yacht leaves foot of Canal Street 


2:30 o'clock each afternoon. 


Early registration by members as to 
desired dates for trips is urged, as 
the yacht will accommodate only 
fifty passengers each trip 
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WEDNESDAY AFTERNOON, 
MARCH 5 


Division Sessions 


Highway Division 


2:30 P.M. ROOM D 


2:30 


3:15 


Presiding G. Donald Kennedy, 
Member, Executive Committee, High- 
way Division 


Development of Dual Drive on 
U.S. 90 

G. WALTON THOMPSON, Mississippi 
State Highway Department, Jack- 
son, Miss. 


Highway Bridges on Deep Founda- 
tions 

Louts C. Ductos, M. ASCE; Head 
Bridge Designer, Louisiana State 
Highway Dept., Baton Rouge, La. 


Sanitary Engineering Division 


2:30 P.M. ROOM A 


2:30 


3:00 


January 1952 °* 


Presiding: 8B. A. Poole, Member, 
Executive Committee, Sanitary Engi- 
neering Division 

Sanitary Engineering Activities in 
the Atomic Energy Commission 
Josern A. LIgBERMAN, Assistant 
Sanitary Engineer, U. 
Energy Commission, Washington, 


D.C. 


Engineering Problems of Paper Mill 
Wastes Disposal 

Harry Geum, National Council for 
Stream Improvement, New York 
N.Y. 


Stream Pollution Abatement Prob- 
lems of Industry 

L. L. Hepcepetnu, Technical Con- 
sultant, American Cyanamid Co.., 
Bound Brook, N.J. 
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Structural Division 


2:30 P.M. JACKSON ROOM 


3:00 


3:30 


Presiding: George E. Brandow, 
Member, Executive Committee, Struc- 
tural Division 


Design for Offshore Petroleum In- 
stallations 

G. W. Ossporng, Engineer, The 
California Oil Co., New Orleans, La. 


Louisiana’s First All-Welded Con- 
tinuous Overpass 

W. E. Biessey, M. ASCE; Profes- 
sor of Structural Engineering, Tu- 
lane University, New Orleans, La. 


Prestressed Concrete 


E. J. BrinKMAN, Board of Com- 
missioners of the Port of New Or- 
leans, La. 


Waterways Division 


2:30 P.M. BEAUREGARD ROOM 


3:00 


3:30 


4:00 
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Presiding: DeWitt L. Pyburn, Chair- 
man, Executive Committee, Water- 
ways Division. 


Arkansas-White-Red Basins Inter- 
Agency Committee 


L. M. Prentiss, Col., U.S. Corps 
of Engineers; Division Engineer, 
Southwestern Division, Dallas, Tex. 


A Comprehensive Report on the 
Arkansas-White-Red Basins 


J. B. Lampert, Lt. Col., U.S. Corps 
of Engineers; © Officer-in-Charge, 
Southwestern Division, Tulsa, Okla. 
Port of Lake Charles 


Ev_MER E. Suutts, M. ASCE; Con- 
sulting Engineer, Port of Lake 
Charles, La. 


Harbor Project for the Oil Port of 
Maracaibo, Venezuela 


E. F. Roprnson, M. ASCE; Con- 
sulting Engineer, Winchester, Va. 


DINNER AND DANCE 


CLAIBORNE-BEAUREGARD ROOMS, 
ST. CHARLES HOTEL 


Wednesday, March 5 


Cocktails 

Dinner 

Dancing and Entertainment 
SPEAKER: FRANK W. EDWARDS, 
General Manager, Centennial of 
Engineering, 1952. Topic: 


“Centennial of Engineering” 
Special arrangements can be made 
for tables seating 8 or more persons 
Members may underwrite complete 
tables. Orders for tables must be 
accompanied by a check in full and 
a list of guests. 


The published seating list will close 
at 5:00 p.m., Tuesday, March 4. 
Tickets purchased after this hour 
will be assigned to tables in order 
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PLANNED TOURS 


Busses leave the St. Charles Hotel at 
times scheduled below. Tickets at 
Registration Desk, $1.00 each. 


Tour No. 1 

Wednesday, March 5, 1952, 
2:30 p.m. 

New Orleans Water Purification 

Plant 


Sewerage and Water Board Drain- 
age Pumping 

Station No. 7 (largest in the world) 
Lakeshore Drive 

Metairie Cemetery 


Tour No. 2 

Thursday, March 6, 1952, 1:30 p.m. 
New Orleans Railroad Terminal 
Board’s Construction Projects: 

(a) New Terminal Station 

(6) Track Rearrangements 

(c) Grade Separations 

Tour No. 3 


Wednesday, 
2:30 p.m. 


New Orleans Public Service, Inc. 
Industrial Canal Power Plant 
Lakeshore Drive 

Tour No. 4 

Thursday, March 6, 1952, 2:30 p.m. 


College of Engineering 
Tulane University Campus 


March 5, 1952, 








of purchase. Sale of tickets will 
continue until 5:00 p.m., Wednes- 
day, March 5. Dress will be formal. 
Tickets $8.00 per plate. 


THURSDAY MORNING, 
MARCH 6 
Division Sessions 


City Planning Division 


9:30 A.M. ROOM A 


10:30 


Presiding: Harry W. Alexander, 
Chairman, Executive Committee, City 
Planning Division 


Analysis of City Planning Tech- 
niques 

Russet, Ritey, M. ASCE; Part- 
ner, Harland Bartholomew & Asso- 
ciates, St. Louis, Mo. 

Proposed Mississippi River Park- 
way from Canada to the Gulf of 
Mexico 

J. Lester Wuite, M. ASCE; De- 
partment of Public Works, State of 
Louisiana, Baton Rouge, La. 


Recent Airport Design and Develop- 
ments 

Pure A. Hann, Chief, Airport 
Engineering Division, Civil Aero- 
nautics Admin., Washington, D.C. 





Soil Mechanics and 
Foundations Division 


9:30 A.M. CLAIBORNE ROOM 


10:30 


9:30 A.M. 


10:00 


10:30 


Presiding: Willard J. Turnbull, 
Member, Executive Committee, Soil 
Mechanics and Foundations Division 


Foundations in the New Orleans 
Area 

H. A. Huesman, U.S. Corps of 
Engineers, New Orleans District 


Soils Investigations for Offshore 
Drilling Platforms in the Gulf of 
Mexico 

BRAMLETTE MCCLELLAND, Jun. M. 
ASCE; Humble Oil & Refining Co. 


Highway Embankments on Yield- 
ing Subsoils 

H. L. LEHMANN, Testing Engineer, 
Louisiana Department of Highways 


Structural Division 
JACKSON ROOM 


Presiding: George E. Brandow, 
Member, Executive Committee, Struc- 
tural Division 


Welded-Frame Multi-Store Build- 
ings 

Boyp S. Myers, M. ASCE; Asso- 
ciate, Robert J. Cummings, Con- 
sulting Engineer, Houston, Tex. 


Tampa Bay Bridge 

Maurice N. Quape, M. ASCE; 
Parsons, Brinkerhoff, Hall and 
Macdonald, Consulting Engineers, 
New York, N.Y. 


Bay St. Louis Bridge 
Craig P. Hazeret, M. ASCE; 
Consulting Engineer, Hazelet and 
Erdal, Louisville, Ky. 


Waterways Division 


9:30 A.M. BEAUREGARD ROOM 


9:30 


10:00 


10:30 


Presiding: DeWitt L. Pyburn, Chair- 
man, Executive Committee, Water- 
ways Division. 


Passes of the Mississippi River 

W. C. Cops, M. ASCE; U.S. Corps 
of Engineers, Operations Division, 
New Orleans, La. 


Flood Control Plan for the Missis- 
sippi River 

J. C. Bazur, M. ASCE; U.S. Corps 
of Engineers. 


Wave-Wash Control on Mississippi 
River Levees 

Rupotr HeErRtTzBERG, M. ASCE: 
U.S. Corps of Engineers, Engineer- 
ing Division, New Orleans, La. 


Maintenance of Rights-of-Way 

J. R. Barocas, Sr., M. ASCE; USS. 
Corps of Engineers, Engineering 
Division, New Orleans, La. 


(Vol. p. 81) 105 





CONVENTION LUNCHEON 
THE ST. CHARLES HOTEL 12:30 P.M. 
Thursday, March 6 

Tickets $3.00 


THURSDAY AFTERNOON, 
MARCH 6 


Division Sessions 


Joint Session—City Planning 
Division with the Institute of 
Traffic Engineers 


2:30 P.M. ROOM A 


Presiding Harry W. Alexander, 
Chairman, Executive Committee, City 
Planning Division 


2:30 Traffic Problems of New Orleans 


2:30 P.M. 


KENNETH KING, City Traffic Engi 
neer, New Orleans, La 


Power Division 


JACKSON ROOM 
Presiding: Byron O. McCoy, Chair- 
man, Executive Committee Power 
Division 


Economics in Steam-Electric Sta- 
tion Design in the New Orleans 
Area 

A. T. LaRNED, M 
Civil Engineer, Ebasco 
New York, N.Y 


ASCE; Chief 
Services, 


Water Power and Aid to the Im- 
provement of Water Resources in 
the Onachita Basin 

Forrest J. Brown, A.M. ASCE: 
U.S. Corps of Engineers, Lower 
Mississippi Valley Division, Vicks 
burg, Miss 


Soil Mechanics and 
Foundations Division 


2:30 P.M. CLAIBORNE ROOM 


3:00 


Presiding: Willard J. Turnbull, Mem- 
ber, Executive Committee, Soil Me- 
chanics and Foundation Division 


Settlement Observations of Sulphur 
Storage Vats Compared to Pre- 
dicted Results 

J. B. Eustis, M 
Engineering Co 


ASCE; Eustis 
I. E. Hanson, Chief Engineer, Free- 
port Sulphur Co 

Progress Report of Soil Mechanics 


and Foundation Committee of the 
Louisiana Section 
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Hydraulics Division 


2:30 P.M. BEAUREGARD ROOM 


2:30 


Presiding: George R. Schneider, 
Member, Executive Committee, Hy- 
draulics Division 


Prototype Testing Program of the 
TVA 

Rex A. E_per, A.M. ASCE; Hy- 
draulic Engineer, Tennessee Valley 
Authority, Norris, Tenn 


Prototype Testing Program of the 
Bureau of Reclamation 

Dace M. Lancaster, A.M. ASCE; 
Hydraulic Engineer, Bureau of 
Reclamation, Denver, Colo 


Prototype Testing Program of the 
Corps of Engineers 

FRANK B. Camppett, M. ASCE; 
Hydraulic Engineer, Waterways 
Experiment Sta., Vicksburg, Miss 


Atomic Test Motion Pictures 
2:30 P.M. ROOMD 


The motion picture Sandstone, de 
picting the series of atomic tests on 
Eniwetok will be shown by special 
arrangement 


BOAT RIDE ON THE 
MISSISSIPPI RIVER 
Thursday, March 6 
Members 


Ladies—-Guests 


“Steamer President" leaves foot of 
Canal Street at 8:00 p.m. 


Music Cocktails 
Tickets at Registration Desk, $2.50 


Dancing 


FRIDAY MORNING, MARCH 7 


Division Sessions 


Construction Division 


9:30 A.M. CLAIBORNE ROOM 


9:30 


10:30 


Presiding: Ross White, Member, 
Executive Committee, Construction 
Division 


Construction of the New Orleans 
Union Passenger Terminal 

E. J. Watrace, Chief Engineer, 
New Orleans Union Passenger Ter- 
minal 


New Jersey Turnpike—Construction 
Methods, Plant and Equipment 

S. C. Funk, Construction Engineer, 
New Jersey Turnpike Authority. 
C. H. Peterson, A.M. ASCE; 
Project Manager, Howard, Needles, 
Tammen and Bergendoff. 


The Missouri-Kansas Flood of 1951 
C. H. CHorpentnc, M. ASCE; 
Brig. Gen. U.S.A., Assistant Chief 
of Engineers for Civil Works, Wash- 
ington, D.C. 





11:00 Construction of the Morganza Con- 


trol Structure 
D. L. Wurre, M. ASCE; U.S. Army 
Corps of Engineers. 


HYDRAULICS DIVISION 


9:30 A.M. BEAUREGARD ROOM 


9:30 


11:00 


9:30 A.M, 


9:30 


10:00 


10:30 


11:00 


12:30 p.m. 
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Presiding: George R. Schneider, 
Member, Executive Committee, Hy- 
draulics Division 


Vermillion River Basin of South- 
western Louisiana 


(a) Surface-Water Resources and 
Sanitary Problems 

E. L. Henpricks, A.M. ASCE: 
Hydraulic Engineer, U.S. Geological 
Survey, Baton Rouge, La 


(b) Ground-Water Resources and 
Salt Water Contamination Problem 


Pau. H. Jongs, District Geologist, 


U.S. Geological Survey, Baton 
Rouge, La 
Discussion 
Cc. K. Oakes, M. ASCE; Chief, 


Hydraulics Section, Louisiana State 
Department of Public Works, Baton 
Rouge, La 

WituiaM F. Guyton, A.M. ASCE; 
Consulting Engineer, Silver Spring, 
Md 

Drainage in Louisiana—Authorized 
and Financed—-Under Statewide 
Drainage Law 

Byron P. Lyons, Chief Engineer, 
Louisiana State Department of 
Public Works, Baton Rouge, La 


Surveying and Mapping 
Division 
JACKSON ROOM 


Presiding: Henry B. Aikin, Member, 
Executive Committee, Surveying and 
Mapping Division 


Topographic Mapping in Louisiana 
GERALD FitzGerap, Chief Topo- 
graphic Engineer, U.S: Geological 
Survey, Washington, D.C. 
Surveying for Petroleum Operations 
in the Gulf of Mexico 

Ropert L. Sueecs, Overseas Navi- 
gation Company, New Orleans, La 


Photogrametric Mapping 

A. C. Mitter, M. ASCE; Vice 
President, Michael Baker, Jr., Inc., 
Jackson, Miss 


Property Surveys in the City of 
New Orleans 

F. C. Ganpoiro, JrR., 
New Orleans, La 


Surveyor, 


CONVENTION LUNCHEON 


Friday, March 7 


For Members and Guests 
THE ST. CHARLES HOTEL 
Tickets $3.00. 
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FRIDAY AFTERNOON, 
MARCH 7 


Division Sessions 


Construction Division 
2:30 P.M. CLAIBORNE ROOM 


Presiding: Ross White, Member, 
Executive Committee, Construction 
Division 


2:30 Offshore Petroleum Installations 
Jack S. Torer, Humble Oil and 
Refining Co. 


3:00 Economics in Design and Construc- 
tion of Petroleum Facilities in the 
Gulf of Mexico 
C. P. Besse, Chief Engineer, Cali- 
fornia Oil Co. 


3:30 Major Pipeline Crossings of the 
Mississippi River 
P. H. Trwornuy, Southern Natural 
Gas Co., and R. P. Grecory, 
Houston Construction Co 


Hydraulics Division 
2:30 P.M. BEAUREGARD ROOM 


Presiding: George R. Schneider, 
Member, Executive Committee, Hy- 
draulics Division 


2:30 Bridge and Culvert Waterways— 
Application of Hydraulics and Hy- 
drology to the Design 
Car F. Ozzarp, Chief, Hydraulics 
Branch, U.S. Bureau of Public 
Roads, Washington, D.C. 


Discussion 

Tate DatrympLte, A.M. ASCE; 
Hydraulic Engineer, U.S. Geological 
Survey, Washington, D.C. 


3:30 Tranquil Flow Through Open-Chan- 
nel Constrictions 
Cart E. KinpsvaTer, A.M. ASCE; 
Professor, School of Civil Engineer- 
ing, Georgia Institute of Technology 
R. W. Carter, J.M. ASCE; Area 
Engineer, Water Resources Divi- 
sion, Surface Waters Branch, U.S 
Geological Survey, Atlanta, Ga 


4:15 Hydrology of the New Orleans Area 
Joun Aves, Assistant Professor, 
College of Engineering, Tulane Uni- 
versity, New Orleans, La 


CIVIL DEFENSE SESSION 
2:30 P.M. JACKSON ROOM 


A panel discussion led by outstand- 
ing authorities in the Civil Defense 
Administration will be presented 
under sponsorship of the ASCE 
Civil Defense Liaison and the 
Louisiana Local Section. 
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LADIES’ ENTERTAINMENT 


Ladies Headquarters 
ROOM B, ST. CHARLES HOTEL 


Wednesday, March 5 
a.m. Coffee hour and reception during 
registration 
12:30 Membership luncheon—Grand Ball- 
p-m. | room, Roosevelt Hotel 
p-m. Boat ride, Good Neighbor 
Cocktail hour 
Dinner-dance at the St. Charles 
Hotel Claiborne-Beauregard Rooms 


Thursday, March 6 

Noon’ Ladies luncheon at Orleans Club 
followed by tour of University sec- 
tion, Audubon Park and the garden 
district. Tickets $3.00. Transpor- 
tation provided 

p.m. Boat ride on the Mississippi River 
steamer President 


Friday, March 7 


Noon Ladies luncheon and style show 
Blue Room Roosevelt Hotel 
Tickets $3.00 


STUDENT CHAPTER 
CONFERENCE 


Tuesday, March 4 


CLAIBORNE ROOM, ST. CHARLES 
HOTEL 


Student registration opens 8:30 a.m 
Fee $1.00 


9:30 Student papers 


12:30 ‘*Meet-the-Board’’ luncheon 
p-m. Jackson Room, St. Charles Hotel 


2:30 Forum on Chapter operations 


6:30 ‘‘Get Acquainted’’ dinner at Ar- 
p-m. naud’s Restaurant 


Wednesday, March 5 
2:00 Tour of Union Terminal Project 
p-m. construction 


Throughout the days of the New 
Orleans Convention, students are 
cordially invited and encouraged to 
attend Technical Division sessions 
and any other Convention events. 


STUDENT CHAPTER FACULTY 
ADVISERS’ CONFERENCE 


Friday, March 7 
9:30 A.M. ROOM D, ST. CHARLES HOTEL 


Faculty Advisers from ASCE Stu- 
dent Chapters throughout the 
southern part of the country will 
convene in the St. Charles on Fri- 
day of the Convention week. 


This conference, which is primarily 
for invited advisers, will be open to 
all Contact Members of Chapters 
as well, and others interested in the 
activities and operational details of 
ASCE Student Chapters. 





CLUB PRIVILEGES 


Delegates desirous of enjoying the 
hospitality of the New Orleans 
Country Club or the Metairie 
Country Club are requested to 
make their wishes known to any of 
the local Convention Committee so 
that courtesy cards may be pro- 
vided during their stay in the city. 


NEW ORLEANS 
CONVENTION COMMITTEES 


Davip W. Gopat, General Chairman 
Les H. Jounson, Vice-Chairman 


Executive Committee 


Davip W. Gopat E. M. FREEMAN 
Frank W. MacDonatp Joun Riess 
BeRNHARD M. DorRNBLATT 


Hotel and Registration 
C. GLennon MELVILLE, Chairman 


Technical Program 
BeRNHARD M. Dornevatt, Chairman 


Entertainment 
Cuaries M. Kerr, Chairman 


Student Activities 


Lee H. Jounson, Chairman 


Excursions 
ALVIN FROMHERZ, Chairman 


Reception 
FRANK W. MacDOona.p, Chairman 


Publicity 
J. M. Le Dovux, Chairman 


Finance 
Joun Riess, Chairman 


Local Sections Cooperation 
E. M. Freeman, Chairman 


Transportation 


T. Epwarp Ernst, Chairman 


Women's Activities 
Mrs. Frank W. MacDOonatp, Chairman 


Hotel Accommodations 


Headquarters of the New Orleans 
Convention will be the St. Charles 
Hotel, located in the central busi- 
ness district of New Orleans, con- 
venient to all facilities of the city. 
Special arrangements have been 
made to accommodate many Con- 
vention visitors at the headquarters 
hotel, up to capacity, in the order 
that reservation requests are re- 
ceived. 

Send your reservation request early 
to assure space at the headquarters 
hotel. For your convenience a 
special request form is provided in 
the advertising section of this issue 
page 135). Late requests may have 
to be assigned toother nearby hotels. 


Information and Registration 


Information and registration facili- 
ties will be maintained on the Con- 
vention floor of the St. Charles 
Hotel throughout the days of the 
Convention. Mail and messages 
will be held for members at the 
Information Desk. 
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SOCIETY 


NEWS 





Centennial of Engineering, 1952 


WILLIAM N. CAREY 


E. L. CHANDLER 


Executive Secretary ASCE and Assistant Secretary ASCE 
and Manager, Centennial Convocation, Respectively 


The year 1952 will mark the centen- 
nial celebration of the 100th anniversary 
of the founding of the American Society 
of Civil Engineers, the oldest national 
engineering society in the United States. 
In 1852, engineering in America was 
divided into two branches, military and 
civil. We now have many specialized 
branches of engineering and many na- 
tional societies of engineers but all are a 
part of the one-time civilian or ‘‘civil” 
engineering profession. As such, all have 
a mutual interest in celebrating the Cen 
tennial of Engineering in 1952. 

The universality of this interest was 
quickly shown by enthusiastic coopera 
tion among the societies of Engineers 
Joint Council. Council is composed of 
the principal national engineering socie- 
ties representing the five basic branches 
of the profession. They are American 
Society of Civil Engineers, American 
Institute of Mining and Metallurgical 
Engineers, the American Society of Me- 
chanical Engineers, American Institute of 
Electrical Engineers and American Insti- 
tute of Chemical Engineers. These five 
federated organizations have a combined 
membership of more than 130,000. The 
list of participants has expanded to nearly 
50 national and international engineering 
organizations which now are supporting 
the objectives of the Centennial. 

During the past century, the remark 
able advancement of our country has been 
due in a considerable degree to the con- 
tributions made by American engineering 
and technology. The centennial celebra- 
tion is an outstanding opportunity to 
commemorate the services of the engineer 
ing profession to the nation. It will bring 
to the people of the United States and 
the world a more complete understand- 
ing of some of the principal reasons why 
the United States has reached its present 
high stage of development. 

Engineering and industry will use this 
opportunity to make the Centennial an 
occasion of national and international 
significance. To direct the overall phases 
of the celebration, a special not-for- 
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profit corporation, Centennial of Engi- 
neering, 1952, Inc., has been created, with 
its headquarters at the Museum of Science 
and Industry in Chicago. Lenox R. 
Lohr, Member ASCE, president of the 
Museum, is president of the Corporation. 
Charles F. Kettering, Honorary Member 
ASCE, is chairman of the Executive 
Committee. Necessary money for financ- 
ing the general features of the celebra- 
tion is being raised by the Corporation 
through contributions from industrial and 
manufacturing organizations. It is con- 
templated that approximately $1.000,000 
will be required. 

There will be appropriate local and re- 
gional observances during the year 
throughout the United States, with the 
major activity in Chicago during the 
summer and early fall. The two prin- 
cipal functions in Chicago will be the 
Exposition with a dramatic presentation 
or pageant, and the Convocation, all cen- 
tering around the Museum of Science and 
Industry. The museum now houses what 
is generally considered to be the world’s 
finest collection of exhibits in the fields of 
science, engineering and industry. Those 
already on view to the public have cost 
many millions of dollars and are an ad 
mirable adjunct to the Centennial. Ex- 
hibits are dynamic. They are designed 
for educational benefit to those with tech- 
nical and scientific understanding and to 
be interestingly informative and educa- 
tional to the general public as well. Every 
year the museum has millions of visitors 
of all ages and walks of life, the total 
attendance last year having been about 
3,000,000. 

It is planned that new exhibits cover- 
ing a wide scope of engineering will be 
installed in the museum to remain for 
several years. Special committees to 
advise on exhibits have been appointed 
in the major engineering societies and 
industries. The new exhibits, with those 
already housed in the museum, will form 
the exposition phase of the Centennial. 

The Convocation is planned to be the 
greatest gathering of engineers ever as- 


sembled. It is scheduled to be held in 
Chicago during the period, September 
3 to 13, 1952. Engineering societies of 
the United States and foreign countries 
will participate as will several interna- 
tional engineering organizations. Plans 
include a wide variety of technological 
activity. Symposium sessions are sched- 
uled for each day throughout the Convo- 
cation period. The symposium subjects 
cover broad fields of engineering and in- 
dustrial accomplishment. These pres- 
entations will be in language sufficiently 
non-technical to be understandable to 
the general public as well as to engineers. 

In addition, individual societies will 
hold purely technical meetings. These 
will be similar to those customarily 
arranged by the societies for their regular 
conventions, but on a broader scale. Each 
such special session will be devoted to 
technical aspects of the particular field 
of engineering in which the sponsoring 
society or institute is identified. Joint 
technical sessions are being scheduled on 
subjects in which two or more societies 
have a mutuality of interest. Each par- 
ticipating society will arrange and finance 
its own meeting during the September 3 
to 13 period. Financing of the general 
phases of the Convocation as well as the 
Exposition and Pageant is the responsi- 
bility of the Corporation. 

The Convocation program will provide 
the opportunity of a lifetime for any engi- 
neer to reap the benefit of scholarly 
papers and discussions in his particular 
branch of the profession. He will be able 
also to profit from sessions devoted to 
other fields and techniques of engineering 
in which he may desire information. 

The Department of State has expressed 
its intention to cooperate in encouraging 
attendance from foreign countries at the 
Centennial of Engineering. Officials of 
the Economic Cooperation Administra- 
tion (ECA) have expressed keen interest 
in the program. The national engineer- 
ing societies and institutions of Western 
Europe, Great Britain, Central and 
South America are all interested. Each 
will stimulate participation in the Cen- 
tennial. Attendance by a large num- 
ber of foreign engineers is assured. Engi- 
neers, domestic and foreign, will have 
available to them a veritable feast of 
engineering papers and scientific exhibits 
The celebration also will carry an im- 
portant message to the public. 
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This coming Centennial to celebrate 
“A Century of Engineered Progress” 
in the United States will have three 
major aims directed principally to the 
general public and to foreign visitors. 
The Centennial will be designed to make 
known the contributions of engineers to 
our national progress. It will depict 
clearly the role of industry, with its mass 
production and distribution, so essential 
to our high standard of living. Above 
all, it will attempt to demonstrate that 
an atmosphere of freedom and competi- 
tion, with competent engineering and 
management in industry, is essential to 
maintain and increase the prosperity of 
the nation. 


(The foregoing is printed at the request 
of the Board of Direction, from an Infor- 
mation Circular prepared at ASCE head- 
quarters.) 


Alfred Noble Prize Goes 


to Electrical Engineer 


Eldo C. Koenig, an electrical engineer 
and member of the AIEE, has been 
awarded the Alfred Noble Prize for 1951 
for a paper entitled, ‘“‘An Electric Ana 
logue Computer Using the Photo Cell as 
a Nonlinear Element.”’ A joint award 
of the Four Founder Societies and the 
Western Society of Engineers, the Alfred 
Noble Prize consists of a cash award of 
$350 and a certificate. 

A graduate of 
Washington Uni- 
versity in 1943 with 
the bachelor of sci 
ence degree in elec- 
trical engineering, 
Mr. Koenig joined 
the Allis-Chalmers 
Manufacturing 
Company after 
graduation as a test 
engineer at the Mil- 
waukee plant on 
equipment for -the 
Atomic Diffusion Plant. After the war 
he transferred to the motor-generator de 
sign section of the electrical department, 
where he is still employed. 

He has also been enrolled in evening 
courses, receiving the master of science 
degree in electrical engineering from 
Illinois Institute of Technology in 1949 
and the master of science degree in engi- 
neering from the University of Wisconsin 
in 1951. 

Presentation of the prize will be made 
to Mr. Koenig at the winter general meet- 
ing of the AIEE in New York in January 





Eldo C. Koenig 
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ASCE Committee on Student Chapters Meets 





STUDENT CHAPTER PROBLEMS ARE DISCUSSED in recent two-day meeting in Chicago. 
Seated, left to right, are James M. Faircloth; D. M. Griffith, chairman; and G. Brooks Earnest, 


Board Contact Member. 
Williams. 





Standing, in same order, are Leo Novak, R. H. Dodds, and C. D. 


Technical Program for Centennial 


Convocation Takes Form 


Thirteen ASCE Technical Divisions 
have indicated their preliminary plans to 
participate in the Society’s part in the 
Centennial Convocation in Chicago, dur- 
ing the period September 3-13, 1952. 
The Air Transport Division contemplates 
a presentation of the outstanding steps in 
the development of aviation, airports, 
aircraft, and airways with a peek into 
the future. The City Planning Divi 
sion envisages a series of papers that will 
develop techniques of planning new 
towns, and guiding the expansion of big 
cities. Plans of the Construction Divi 
sion include joint sessions with the Struc- 
tural, Irrigation and Highway Divisions 
and with the Associated General Con- 
tractors, with separate sessions on the 
construction of pile foundations, caissons, 
and cofferdams; on the stabilization of 
soils; and on the mechanization of con 
struction operations that has taken place 
during the past century. 

Four sessions are planned by the new 
Engineering Mechanics Division to cover 
the mathematical method, structural and 


fluid dynamics, experimental analysis and 
analogs, and the mechanical properties 
of materials. In addition to its joint 
session with the Construction Division, 
the Highway Division plans sessions on 
design, construction, maintenance and 
administration of highways. Papers on 
several hydraulics subjects are planned 
by the Hydraulics Division. 

Planning methods for irrigation proj- 
ects in the United States will be com- 
pared with those in India and Australia 
in papers to be sponsored by the Irri- 
gation Division. The place of the de- 
velopment and use of underground water 
for irrigation will be presented, and pri- 
vate and government development of 
irrigation projects contrasted. In the 
Power Division sessions papers are sched- 
uled to cover the development of hy- 
draulic prime movers, dams, multi- 
purpose projects, and the status of atomic 
power. Progress during the past one 
hundred years in sanitary engineering, 
to be presented by the Sanitary Engi- 
neering Division, will include high-rate 
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tion, sedimentation 
tanks, garbage dis- 
posal, and air pollu- 
tion, with a panel 
discussion of future 
needs in the field 
Geophysicalexplora 
tion, interpretation 
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G. Donald Kennedy 


conditions 
phe to 


of soil 
from aerial 
graphs, and geological and soil mechanics 
investigations will be covered by papers 
planned by the Soil Mechanics Division 

\ program being arranged by the Struc 
tural Division contemplates coverage of 
riveted and bolted structural joints, and 
The Struc 
tural Division also plans a joint session 
with the Construction Division and the 
Concrete Institute on pre 
stressed, precast, and thin-shell concrete 
structures, and another with the American 
Welding Society on welded steel struc 
tures. The Surveying and Mapping 
Division has scheduled papers covering 
the wide range of surveying methods 
required by engineers for both civil and 
military Water 
tion, navigation locks and dams, the de 
velopment of hydraulic dredges, and the 
construction and operation of big Missis 
sippi and River projects are 
scheduled for examination by the Water 
ways Division. 

rhe Convocation in Chicago is to be 
the climax of the celebration during all of 
1952, to mark a century 
progress, and to coincide with the Cen 
tennial of ASCE national 
and international engineering organiza 
planning participation in the 
Convocation by holding meetings con 
currently with ASCE’s meeting during 
the period in September 
1952. It will bring together the world's 
outstanding addition to 
the specialized technical meetings of the 
participating societies gen 
eral interest to non-specialist and layman 
will be presented in non-technical terms 
Some of the subjects scheduled will bear 
on the contributions to the welfare of 
our nation made by advances in communi 
cation, construction, energy, food, min 
ing, and transportation rhese 
meetings are to be open to every inter 
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ASCE ’s technical program for the Con 
vocation is being developed by the So 
ciety's Technical Divisions, coordinated 
by G. Donald Kennedy, M. ASCE, of 
the Portland Cement Association, Chi 
cago, who is chairman of the Society's 
Committee on Technical Program. Mr. 
Kennedy has the dual role of chairman of 
the Coordinating Committee on Tech 
nical Programs of participating societies. 
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Michigan Section Is Host to Executive Committee 


A combination of the annual meeting of 
the Michigan Section and the ASCE 
Executive Committee was held in Detroit 
on December 13. In addition to provid- 
ing excellent facilities for the work of the 
committee, the joint meeting gave Michi- 
gan Section members an opportunity to 
meet new Society officers 

Talks on a variety of topics of profes- 
sional concern featured the annual meet 
ing in the evening. Opportunities pre 
sented by the Centennial year for an ag 
gressive catmpaign to mark the role of 
individual initiative in the creation and 
maintenance of a high standard of living 
were stressed by ASCE President Carlton 
S. Proctor in the principal address. Mr. 
Proctor also gave an idea of the scope of 
the Centennial Convocation program, 
which is expected to bring at least 20,000 
engineers to Chicago during the period, 
September 3-13, 1952. 

Daniel V. Terrell, Vice-President for 
ASCE Zone III which includes the host 
Section, related the extent to which engi 
neering unity exists in the successful oper- 
ation of such joint organizations as Engi- 
neers Joint Council. Continued use of 
proved “unity’’ groups in carrying for- 
ward programs of concern to more than 
one specialty group is assured, Dean Ter- 
rell told the gathering. As an example 
of such unity at local level, Director 
Gordon H. Butler, of District 7, cited 
the operation of local engineering coun 
cils and joint groupings of the design 
professions in such specific matters as the 
establishment and improvement of regis 
tration provisions. 

New Michigan Section officers elected 
during the annual meeting include Edwin 
A. Finney, of East Lansing, as president, 
and Prof. John C. Kohl, of Ann Arbor, 


as secretary-treasurer. 


Centennial Chairmen Meet 


An added feature of the Detroit pro 
gram was a joint meeting of the coordi 
nating chairmen of the Centennial cele 
bration and the Executive Committee 
G. Donald Kennedy, chairman of the 
Coordinating Committee on Technical 
Program, and Howard F. Peckworth, 
chairman of the Coordinating Committee 
on General Arrangements, reported plans 
made to date for the Chicago Convoca 
tion. 


District 7 Council Reorganized 


A revival of the District 7 Council of 
ASCE Local Sections was also celebrated 
during the Detroit program with a con 
ference of officers from the Duluth, Michi 
gan, Northwestern, and Wisconsin Sec 
tions. The objective of such organiza 
tions is to facilitate joint action on pro 
fessional matters of interest to the several 
Sections. 

Instrumental in the reorganization of 
the Council Director Butler, who 
was assisted by Charles Yoder, chairman 
of the Committee on Local Sections. Mr 
Yoder, who is also president of the Wis 
consin Section, served as delegate of his 
Section to the Conference. Representing 
the host Section were Clyde Palmer, presi 
dent; Dudley Newton, secretary-treas 
urer; Edwin Finney, president-elect; and 
Benson Wood, program chairman. Other 
delegates were Harry C. Walker, presi 
dent of the Duluth Section; C. W. Brit 
zius, president of the Northwestern Sec 
tion; and R. E. Boech, secretary-treasurer 
of the Wisconsin Section. Vice-President 
Terrell also attended the conference. 

Reactivation of the group makes seven 
District and regional councils within the 
Society. 


was 








ASCE MEMBERS LIVING IN AUGUSTA-AIKEN AREA meet in Augusta to form Augusta 


Sub-Section of Georgia Section. 


president; 


Burton J. Bell, secretary-treasurer-elect for Georgia Section; 


Seated, left to right, are Ray Gauger, Sub-Section vice- 


Josef Patchen, 


Augusta, Sub-Section president; Moses E. Cox, 1951 president of Georgia Section; Curtis 


A. Nelson, project manager for Atomic Energy Commission, South Carolina project; 


and 


Warren S. Mann, Atlanta, president-elect of Georgia Section. 
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FROM THE NATION’S 


CAPITAL 





JOSEPH H. EHLERS, M. ASCE 


The critical materials situation con 
tinues to be the key to engineering and 
construction activity in the near and inter- 
mediate future. 


Steel Applications to Be Screened 


As mentioned in this column for Nov- 
ember, applications for structural shapes 
for the fourth quarter totaled twice the 
amount available and were far in excess 
of the greatest amount ever shipped dur- 
ing any quarter year. Apparently this 
situation resulted from applicants re- 
questing more steel than was needed for 
the quarter, partly because of the lack of 
any assurance from the government 
that material to complete an authorized 
structure would be forthcoming for the 
succeeding quarter. 

The partial remedy that has been ap- 
plied came, not from consultation with 
construction interests, but from the steel 
industry which is adequately represented 
on the government controls staff and 
whose advisory counsel is eagerly sought. 
A screening committee of five experts 
from the structural fabricating and erect- 
ing business, acting under the director- 
ship of James B. Steep, consulting engi- 
neer of Detroit, will review all applica- 
tions calling for more than 250 tons of 
structural steel to determine whether the 
needs have been realistically stated with 
reference to total quantity and to timing. 
This committee will serve as adviser on 
construction to the DPA Office of Pro- 
gram and Requirements. If this com- 
mittee of top experts is permitted to reg- 
ulate the timing for the delivery of shapes 
not only for private construction but also 
for military and other federal government 
construction, its chances for bringing the 
situation under control are good. 

The construction industry had been.led 
to believe reports that the shortage of 
shapes was not entirely real, but steel 
fabricating groups assure us that the de- 
mand as currently reported by claimant 
agencies is far in excess of the supply, 
and also that no significant gray market 
situation exists with respect to structural 
shapes. Hence the industry has probably 
underestimated the need for restrictions 
in the use of steel. The Construction 
Industry Advisory Committee to NPA 
has rarely been asked for advice by the 
government and has been kept poorly in- 
formed of the situation, although at the 
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Field Representative ASCE 


time the ‘‘stop-construction’’ amendment 
to Order M-4 misfired last year, an assur 
ance of cooperation with the industry 
committee was given. 


Scrap Metal Collection Pushed 


The situation will ease when the cur 
rent steel and aluminum expansion pro- 
grams no longer draw on the supply even 
though no new facilities for producing 
shapes are included in the expansion pro 
gram. Steel men indicate that their 
worry will be to find a market for struc- 
tural shapes in 1953. While 1952 will 
probably mark the end of the steel and 
aluminum shortages, copper may be 
scarce throughout 1953. Military uses 
take between 40 and 50 per cent of all 
copper supplies now, with total demand 
at more than 180 per cent of the supply. 
The metals situation for the next four 
months is bad—so bad that DPA is 
greatly intensifying its drive to stimulate 


scrap cellection of steel, copper, and 
aluminum. Atarecent meeting the DPA 
Administrator said that an imminent 


danger of shut-down exists at a number 
of open-hearth plants. The recent order 
dealing with requisition of property ur- 
gently needed (DPA Reg. 3, Dec. 11) 
may have to be applied in the scrap situ- 
ation if necessary to move the materials to 
the furnaces. Government agencies that 
heretofore have transferred aluminum, 
copper, zinc and lead scrap to the stra- 
tegic stockpile will henceforth put it to 
immediate use, under a recent proclama- 
tion by the Secretary of Commerce. Asa 
result of government effort, scrap metal 
is beginning to come in from Guam, 
Okinawa and the Pacific Islands. An- 
other possible development may be a 


ASCE MEMBERSHIP AS OF 
DECEMBER 8, 1951 


Members 7,979 
Associate Members 10,166 
Junior Members 15,566 
Affiliates 66 
Honorary Members 37 
Fellows l 


Total 
(December 8, 1950 


35,815 


31,069) 


more drastic prohibition list for builders’ 
hardware of copper and aluminum. 

For the first quarter of 1952 allotments 
of structural steel amount to 370,000 
tons out of a total of 610,000 tons re- 
quested for the industrial expansion pro- 
gram. Principal priority was given for 
aluminum, copper, electronics and _ air- 
craft-producing facilities. 


Substitute Materials Found 


Although copper producers naturally 
resent attempts to shift to substitute ma- 
terials, there appears reason to believe 
that substitutes must and can be found 
for such items as copper flashing, gutters 
and large-size wire. With respect to 
aluminum wire certain technical diffi- 
culties, such as the loss of conductivity 
at junctions and splices due to surface 
oxidation, and electrolytic action where 
copper and aluminum come in contact 
with each other, have been overcome. 
For the larger wire sizes the lesser duc- 
tility of aluminum does not seriously 
mitigate against its use. The electrical 
contracting industry views the substitu- 
tion for wire sizes larger than No. 6 as 
permanently acceptable. Incidentally, 
the Anaconda Company will build a 72,- 
000-ton aluminum plant in Montana 


Conservation in Design Studied 


Conservation is being studied from 
other angles than the substitution of one 
material for another. Building codes 
and design expedients offer a promising 
field for effecting savings. The Building 
Research Advisory Board has been re- 
viewing the conservation problem under 
contract with DPA. One of the tenta- 
tive conclusions is that there is a lack of 
ingenuity in design in the work done for 
and by certain governmental depart- 
ments due to a lack of incentive offered. 
This comes as no surprise to those ASCE 
members who have been trying to combat 
the method of engaging and compensat- 
ing for professional design services cur- 
rently being used by certain govern- 
ment agencies (August issue, page 59) 
which have insisted that they did not 
require the highest grade engineering 
services but rather were buying blue- 
prints for standard structures already 
evolved by them. Many owners have 
discovered that money skimped on engi- 
neering services is dissipated many times 
over in construction costs. 


Construction Activity at Record Level 


Construction is beginning to reflect the 
materials shortage and construction con- 
trols. Although new construction ac- 
tivity for the first eleven months of 1951 
was over $27 billion and 8 percent higher 
than the corresponding 1950 figure, the 
increase was due to public construction 
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expenditures which were 29 percent ahead 
of 1950, reflecting enormous increases 
in military and naval and industrial plant 
expansion despite a slight decline in high- 
way construction. 

Electric power production facilities, 
direct military construction and indus- 
trial expansion will continue at a record 
pace in 1952. The electric power pro- 
gram involves a 40 percent increase of 
our capacity in three years. Construc 
tion funds available to the Department 
of Defense for obligation during fiscal 
year 1952 amount to $5.7 billion. Dur- 
ing the 16-month period following the 
attack on Korea, the Department obli 
gated $2.4 billion for construction. 


ECA Liberalizes Professional Services 
Contracts 


The Economic Cooperation Adminis 
tration has recently issued a_ revised 
method of establishing fees for profes 
sional service contracts (PMCD Bulletin 
No. 35, revised). The original bulletin 
was issued during 1950 and had been the 
subject of some adverse comment from 
consulting engineers. The new regulation 
liberalizes the procedure. Requests for 
the bulletin or for answers to any ques 
tion on it may be addressed to the Inter 
nal Audit Branch, Economic Cooperation 
Administration, Room 706, 734—15th 
Street, N.W., Washington 25, D. C. 

According to General Salary Order No. 
8, issued December 14 by the Salary 
Stabilization Board, salaried professional 
engineers may receive proportional extra 
compensation when working longer than 
a normal work week. 


Washington, D.C. 
December 17, 1951 


Group Disability Plan Pays 
First Accidental Death Claim 


Although the group disability insur 
ance plan adopted by the Board of Direc 
tion over two years ago has made numer 
ous payments to insured members suf- 
fering disabilities, the first accidental 
death claim has just been paid. 

On August 1, 1951, the member (a 
civil engineer and highway construction 
contractor) was instantly killed when his 
car struck a concrete bridge Initial 
notice of the insurance claim was received 
in the home office of the Continental 
Casualty Company, underwriters for the 
group plan, on August 31, and a draft for 
$5,000 was forwarded to the widow and 
beneficiary on September 11. 
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Daniel W. Mead Prizes Awarded for Essays on Ethics 


This year’s winners of the Daniel W. 
Mead Prizes for the best essays on a sub- 
ject involving professional ethics are two 
veterans—Edgar G. Baugh, Jun. M. 
ASCE, winner in the Junior category, 
and Marion K. Harris, who receives the 
Student Chapter award for a paper writ- 
ten while he was a member of the So- 
ciety’s Student Chapter at the Univer- 
sity of California. Both wrote on the 
subject, ‘“‘Why Is a Code of Professional 
Ethics Desirable?” ; 

In World War II, Mr. Baugh was in 
the Infantry for a year and the Air Force 
for four years. He was commissioned a 


captain in meteorology, serving as B-17 
navigator with the Eighth Air Force in 





Baugh 


Marion K. Harris 


the European Theater. Upon his return 
to the United States, he studied civil 
engineering at the University of Nebraska 
and Georgia Institute of Technology, 
where he was vice-president of the Soci- 
ety’s Student Chapter and editor of The 
Georgia Tech Engineer. Since his gradu- 
ation from Georgia Tech in June 1949, he 
has been employed by the Humble Oil and 
Refining Co., and is now associate engi- 
neer in the Production Department of the 
company’s Gulf Coast Division, with head- 
quarters at Houston, Tex. Mr. Baugh 
will receive his award at the Society's 
Spring Convention in New Orleans. 

In 1944, after four years with the post 
engineer at Benicia Arsenal, Mr. Harris 
entered the U/S. 
Navy, serving for al- 
most two years as 
a radio technician. 
He then studied 
electrical and civil 
engineering at the 
University of Cali- 
fornia, graduating 
with the B.S. degree 
in civil engineering 
in June 1951. Mr. 
Harris received his 
award at the annual 
meeting of the San 
Francisco Section in 
December. 





News of Local 


Sections Briefed 


PROGRAM 











SECTION DATE ATTENDANCE 
Alabama December 7-8 
Arizona November 24 


Annual winter meeting. Speakers on technical pro- 


gram included James W. Morgan, commissioner of 
public improvements for Birmingham, Ala.; ASCE 
Director Edmund Friedman; E.G. Koelliker, sales 
engineer, General Electric Co., at Birmingham; 
W.N. Woodbury, consulting engineer of Birming- 
ham; C. L. Cookson, with J. B. Converse & Co., 
Inc., at Mobile; W. F. Beldon, supervisor, process 
service, Linde Air Products Co., at Birmingham; 
and R. Landberg, with U.S. Pipe & Foundry Co.,at 
North Birmingham. Banquet featured an address 
by Warren Whitney, vice-president, James B 
Clow & Sons, at Tarrant, and presentation of Life 
Membership certificates. Election of officers. 


Annual meeting. Field trip to Allison Steel Manu- 


facturing Co. John C. Park, dean, College of 
Engineering, University of Arizona, spoke on 
“The Status of Engineering Education” and 
““Engineering—an Opportunity’’at morning ses 
sion and joint luncheon with American Associatiou 
of Engineers. At afternoon session W. A. Steen- 
bergen, chief of Operations Division, Lower Colo- 
rado River District, U.S.B.R., at Yuma, discussed 
progress on development of the Wellton-Mohawk 
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AEC FACILITY 


phic survey for huge new Atomic Energy facility 


Topogra s were delivered 


in S. Carolina. Maps for 210,000 acre 
160 days after start. 


Saving— years faster than ground surveys. 


ciTY MAPPING 


FOR DURHAM, N.C. 
a. AERO mapped 


_eq. mile city are é ; 
y of 31-sq thods estimate: 


$30,000. Ground me 


5 years. 


Topographic surve 
in 7 months for 
costs $180,000 and over 


——sss— 


TOPOGRAPHIC MAPS « PLANIMETRIC MAPS e« PRECISE AERIAL MOSAICS 
SIRBORNE MAGNETOMETER SURVEYS « RELIEF MODELS 
COLOR PHOTOGRAPHY 
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MAPPING COSTS ? 


There are no bargain rates for skilled engineer- 
ing manpower. But AERO can cut your mapping 
costs . . . often as much as half those of ground 


methods! 


The cost résumés shown here are typical. They 
were made possible only through aerial mapping, 
with its speed, high accuracy, and its ability to 
work a ’round-the-clock schedule. 


AERO’s staff of 300 mapping experts delivers 
surveys weeks and months ahead of ground 
schedules. AERO mapping is not slowed by ter- 
rain . . . is not limited to daylight hours in the 
field. Under urgent conditions, AERO mapping 
goes forward day and night. 


These are only a few of the reasons why engineer- 
ing firms rely on us to help speed their work. 
They know AERO can fulfill their mapping re- 
quirements in a fraction of the time—and often 
at half the cost of rod and transit methods. For 
more information write AERO today. 


AERO * 


SERVICE CORPORATION 


PHILADELPHIA 20 PENNSYLVANIA 
Oldest Flying Corporation in the World 
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Coming Local Section Events 





Buffalo— Meeting at the Buffalo Athletic 
Club, January 15, at 12:15 p.m 


Cleveland— Dinner meeting at the Carter 
Hotel, Cleveland, January 11, at 7 p.m 


Colorado—Meeting at the Democratic 
Club, Denver, January 14, at 6:30 p.m 


Kansas City—Meeting at the Wishbon 
Restaurant, Kansas City, Mo., January 16, 


Los Angeles—Dinner meeting of Soils 
Mechanics Group at the Hotel Clurk, Los 
Angeles, January 16, at 6:30 p.m. Meeting 
of Sanitary Group at the Hotel Clark, 
January 23, at 6:30 p.m. Field trip to 
Pershing Square Garage Project on January 
26, at 10 a.m Weekly Junior Forum 
luncheons every Friday at the Globe Res 
taurant, Los Angeles, at 12 noon 


Louisiana—Joint meeting with Louisiana 
Engineering Society in New Orleans, Jan 
uary 10-12 Annual meeting in New 
Orleans, January 26 


Maryland—Meeting at the Engineers 
Club of Baltimore, January 9, at 8 p.m., 
preceded by cocktails at 6 p.m. and dinner 
at 7 p.m 


Metropolitan— Meeting in the Engineer 
ing Societies Building, New York City, 


tary of Iowa Section; 
and Don Hattery. 





OFFICERS AND GROUP OF IOWA STATE COLLEGE STUDENT CHAPTER MEMBERS 
meet at Ames with Executive Secretary William N. Carey on November 14. Seated in 
second row, left to right, are Robert Fenelon, Student Chapter secretary; Tom Markel, vice- 
president; W. C. Alsmeyer, Faculty Adviser; Secretary Carey; Prof. L. O. Stewart, secre- 
Max Ferguson, Student Chapter president; John Pizzato, secretary; 





on January 16, at 8 p.m. Meeting of Junior 
Branch in the ASCE Board Room, New 
York City, on January 9 and 23 


Mid-South— Dinner meeting of Jackson 
Branch of Section at the Hotel Heidelberg, 
Jackson, January 31, at 7 p.m 


Northwestern— Dinner meeting in the 
Junior Ballroom of Coffman Memorial 
Union, University of Minnesota, Minne 
apolis, on February 4 


Pittsburgh— Annual meeting at the Hotel 
William Penn on January 29 


Sacramento— Weekly luncheons every 
Tuesday at the Elks Temple, Sacramento, at 
12 noon 


San Diego Meeting in San Diego on 
January 22 


South Carolina—Annual winter meeting 
it the Columbia Hotel, Columbia, S. C., on 


January 25 


Tennessee Valley Meeting of the Musck 
Shoals Sub-Section on January 17, 6:30 p.m 


Scheduled ASCE Conventions on 


NEW ORLEANS CONVENTION 
St. Charles Hotel 
New Orleans, La., March 5-7, 
1952 
DENVER CONVENTION 
Cosmopolitan Hotel 
Denver, Colo., June 16-20, 
1952 
Ithaca 
CENTENNIAL CONVOCATION 


Conrad Hilton Hotel 
Chicago, Ill., September 3-13, 
1952 
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Central 
Illinois 


District of 
Columbia 


Lehigh Valley 


November 6 40 


December 4 


November 13 93 


November 15 104 


November 16 97 


October 30 


November 13 


Division of Gila Project; Charles Pillar, with San 
Manuel Copper Corp., at Superior, and Magma 
Copper Co., at Tiger, spoke on the San Manuel 
Project; S. H. Taylor, regional manager, Lincoln 
Electric Co., at Emeryville, Calif., described 
structural welding; and J. E. Hastian, Phoenix 
consultant, talked on ‘Field Welded Structural 
Frames, a Transitional Change in Design and Con 
struction.” 

Dinner meeting. Daniel Kennedy, central region 
engineer, Topographic Branch, U.S. Geological 
Survey, was speaker of evening 

Annual meeting with election of W. Leighton Collins, 
as president; Carl M. Wahl, first vice-president ; 
William A. Oliver, second vice-president; and 
Clyde E. Kesler, secretary-treasurer. Discussion 
of Centennial of Engineering. 

Annual meeting. ASCE Director Frank L. Weaver 
reported on Society's Annual Meeting. Elec 
tion of Section officers Presentation of Life 
Membership Certificates. Section Student Awards 
went to Elijah Brewer, student of Howard 
University; Edward R. Campbell, George Wash 
ington University, and Charles I. Supplee, Catholic 
University (first Section award tostudent at C.U 


Joint dinner meeting with Utah Engineering Council 


Roger F. Waindle, vice-president of the American - 
Society of Tool Engineers, spoke on ‘Production 
in Peace and War.’’ ASCE Director Milton T 
Wilson discussed Centennial of Engineering. 

Annual joint dinner meeting with Ogden Engineers 
Club. F. W. Smith and A. C. Spann, district 
engineer and engineer, Public Roads Administra 
tion, described organization's financing program 
and the proposed expressway for Salt Lake City 

Newly elected officers include G. E. Rickard, presi 
dent; Prof. H. T. Jenkins, first vice-president; 
J. A. Norris, second vice-president; and Prof. J 
C. Gebhard, secretary-treasurer. 

A film entitled, ‘‘Building for the Nations,"’ was pre- 
sented by United States Steel. 
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Minimize | 
PITTING 


Eliminate 
PATCHING 4 






The Wonder Grease for Concrete Forms 


[gine of whether you use steel or wooden forms for concrete work — you OILS and 
can apply Globe Form Grease by spray, brush, or swab. This time-tested GREASES 
paste emulsion will reduce peeling and pitting to a minimum when forms are for every purpose 


DIESEL 
STEAM 


removed, and practically eliminate patching. 


Due to its special adhering qualities, Globe Form Grease requires only a thin 
coating for utmost effectiveness. In fact, one gallon adequately covers approxi- AUTOMOTIVE 
mately 200 square feet! And in addition — Globe Form is stainless, leaves a whiter Write for descriptive 
h f 4 clini h df ee booklet of all Borne, 
smoother surface, and eliminates the need for painting. w siedban. 
Why not write for full particulars today? Once you use Globe Form Grease, 
you'll understand why engineers and contractors hail it as the “wonder grease” = NE) Our Lchoratery 
for concrete forms. Facilities are 
RYMSER always at your 
disposal 


BORNE, SCRYMSER COMPANY «= cuzwseti.ns. - cuarvorte, we. 
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Los Angeles 


Maine 


Maryland 


Miami 


Mid-Missouri 


Mid-South 


Mohawk- 
Hudson 


Nebraska 


New Mexico 


Northeastern 


116 (Vol. p. 92) 


December 12 


November 3 


November 15 105 


December 12 134 


November | 20 


November | 95 


December 6-8 


November 17 200 


October 19 62 


December 11 


December 7 


November 26 


Annual meeting 


Election of Roy L. Anderson, as president; John 
Q. Jewett and George E. Brandow, vice-presidents; 
L. LeRoy Crandall, secretary; and John C. Mer- 
rell, Jr., treasurer. Junior Forum officers are 
President Jack B. Howe, Vice-President William J 
Carroll, and Secretary Richard C. Gerke. 

Joint meeting with Maine Association of Engineers. 
Afternoon session speakers were James L. Mac- 


Leod, city engineer, Bangor, Me.; Charles A. 
Whitten, bridge construction engineer, Maine 
State Highway Commission; and Ober C. 


Vaughan, director, State Personnel Board. Allen P. 
Richmond, Jr., Assistant to the Secretary, ASCE, 
New York, N. Y., was speaker of evening. 

Dinner meeting. Col. J. H. Sands, Jr., director of 
aircraft, Air Research and Development Com- 
mand, U.S.A.F., pointed out the necessity for 
continuing research and development of new 
weapons and defenses. 

Dinner meeting with Dr. Ferdinand Hamburger, Jr., 
professor of electrical engineering at Johns Hop- 
kins University, lecturing on radio, television, and 
radar. 

Dinner and business meeting. Benjamin Atkins, of 
American World Airlines, talked on “International 
Air Cargo.” 


Joint meeting with University of Missouri Student 
Chapter. Rex Whitton, chief engineer for Mis- 
souri State Highway Department, reviewed early 
history of highway department. 


Annual meeting with 34 delegates from local Student 
Chapters. Newly elected officers include Kenneth 
W. Lefever, president; Lawrence A. Tvedt, vice- 
president ; and W.G. Shockley, secretary-treasurer. 
H. I. Berg, senior highway engineer, Bureau of 
Public Roads, Fort Worth, Tex.; Silvio Spigolon, 
University of Mississippi; R. L. Davis, Mississippi 
State College; Messrs. J. F. Andrews and D. J 
Rudig, University of Arkansas; Gen. Eugene 
Reybold, executive vice-president, American Road 
Builders’ Association; Walter F. Winters, chief 
engineer, Asphalt Institute; and Col. L. W. Pren- 

division engineer, Southwestern Division, 

Corps of Engineers, were speakers. 


6: 
Liss, 


Symposium on prestressed concrete with Bertram 
D. Tallamy, state superintendent of public works, 
Albany, N. Y., acting as chairman. Participants 
included J. S. Kinney, professor of structural engi- 
neering at Rensselaer Polytechnic Institute; F.S 
Merritt, associate editor of Engineering News- 
Record; J. N. Hicks, business manager for J. A 
Roebling’s Sons Co.; Nils Thorsen, engineer for 
Freyssinet Co.; J. T. Parrett, research engineer for 
Raymond Concrete Pile Co.; and John J. Hogan, 
structural engineer for Portland Cement Associa- 
tion. Section officers are Prof. H. G. Harlow, 
president; Paul Davis, vice-president; C. W 
Davies, secretary; and Holbert W. Fear, treasurer 

Annual joint dinner meeting with University of 
Nebraska Student Chapter. Hal Hale, executive 
secretary, American Association of State Highway 
Officials, spoke on American highways. 

Newly elected officers are J. O 

Ackerman, president; D. D. Lewis, first vice- 

president ; and G. R. Bathe, second vice-president. 


Annual meeting with Tate Dalrymple, hydraulic 


engineer for U.S. Geological Survey, Washington, 
D.C., speaking on “‘How Stream Flow Records 
Help in Design of Bridge Waterways.” Election 
of J. L. Cheatham, as president; R. W. Fife, first 
vice-president; W.G. Koulas, second vice-presi- 
dent; and L. A. Wheeler, secretary-treasurer 
Dinner meeting featuring Norris D. Hoyt of St 
George's School, Newport, R. I., as speaker. 








WILLIAM E. HAWLEY (right) receives certit- 
icate of life membership in ASCE from 
Gordon H. Butler, ASCE Director for Dis- 
trict 7, at recent Duluth Section meeting 
Mr. Hawley retired in 1951 after 35 years in 
engineering department of Duluth, Missabe 
and Iron Range Railroad. He is a University 
of California graduate and former secretary 
and vice-president of Duluth Section. 








DEAN DANIEL V. TERRELL (left), ASCE 
Vice-President for Zone II, presents life 
membership certificates to veteran members 
Charles H. Blackman, retired chief engineer 
of Louisville & Nashville Railroad, and Prof. 
Wylie B. Wendt, of Speed Scientific School, 
at annual business meeting of Kentucky 
Section on December 7. Program also in- 
cluded address by Dr. Philip G. Davidson, 
new president of University of Louisville, 
and election of 1952 officers. Slate con- 
sists of Charles W. Lovell, president; Lowell 
E. Gregg, vice-president; John H. Clark, 
III, secretary-treasurer; and Clyde K. War- 
ner, Jr., corresponding secretary. 





Set of “Transactions” Wanted 


Edmundo Curiel, M. ASCE and presi 
dent of the Venezuelan Institute of Sani 
tary Works, would like to obtain a com 
plete set of bound copies of ASCE 
TRANSACTIONS, beginning with Volume I 
published in 1867. Members wishing 
to sell their collections should get in 
touch with Herman W. Zanino, Vene 
zuelan Institute of Sanitary Works, 250 
West 57th Street, New York 19, N. Y. 
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On the New Jersey Turnpike 


...MONOTUBES 


for simplified, speedy foundation work 




















s certif. 
E from HESE and many other overpasses play a vital part in 
_—_ making the New Jersey Turnpike a “Miracle Highway”. OVER 
naan And, versatile Monotube piles went into a// types of overpass 
fissabe construction—because they offer unique advantages. RAILROADS 
—— For example, speedy construction was possible with light 
weight Monotubes, installed with fast, mobile driving equip- 
ment. There was minimum time loss in moving between the 
= widely separated structures. On the job, Monotubes saved 
still more time and money due to their ready extendibility, 
simplified field splicing, easy cut-off and minimum waste 
... and, due again to their light weight that speeded 
locating and driving to any required depth. 
These are only a few of the key 
advantages that here and elsewhere have 
made Monotubes a better choice. Weigh 
‘\ all the facts on how strong, cold-rolled 
' Monotubes can simplify your 
| foundation work while eliminating 
| \\\AX many of the common risks and 
{ \ headaches. Just write The Union 
ASCE va \\ Metal Manufacturing Com- 
5 life pany, Canton 5, Ohio. 
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NEWS BRIEFS... 








Further Decline in Construction Is Reported 


A seasonal decline of 7 percent in construc 
tion activity in November, to $2.5 billion, is 
noted in a joint report of the Building 
Materials Division of the Department of 
Commerce and the Labor Department's 
Bureau of Labor Statistics. Although all 
major types of construction shared in the 
decline, public construction dropped off 
relatively more than private, chiefly as a 
result of the regular fall decline in highway 
work 

There were less-than-seasonal declines in 
residential building, privately owned public 
utilities, and important segments of public 
work, particularly in military and naval 
activity. However, both private industrial 
building and commercial building were off 
more than seasonally, reflecting materials 
shortages. Compared with the situation a 
year ago, expenditures for new construction 
put in place were down this November in 
almost all categories, with the principal 
exception of defense-connected work, such 
as industrial, military and naval, public 
utility, and hospital projects 

Despite the November decline in construc- 
tion activity, the joint agencies report that 
total new construction activity from Janu- 
ary through November of this year regis 
tered a gain of 8 percent compared with the 
1950 level 

Private construction expenditures for the 
eleven-month period amounted to $19.2 
billion, only a slight increase above the 1950 
volume for the same months. Outlays for 
new dwelling units and for social and recrea 
tional building were down substantially, but 
nearly all other types of private construction 
showed marked gains over the year, with 
industrial plant expenditures almost doubled 
Public expenditures for the January- Novem 


Science Foundation Allotment 
Permits Start of Program 


The $3,500,000 appropriation for the Na 
tional Science Foundation in the Supple 
mentary Appropriation Act of 1952, re- 
cently signed by the President, will permit 
immediate start of two major programs of 
the Foundation—support of basic research 
in the sciences and training of scientific man 
power. A reduction in the appropriation 
from the President's budget request of 
$14,000,000 for the 1952 year has 
necessitated material adjustment of the pro- 
gram originally presented to Congress 

According to Dr. Alan T. Waterman, 
director of the Foundation, approximately 
$1,500,000 of the available funds will be 


fiscal 
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ber period, at $8.5 billion, were 29 percent 
above 1950 outlays. The most significant 
increases were in construction of military 
and naval facilities, industrial building and 
Highway constructjon was slightly 
under last year’s levels 
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SEASONAL DROP OF 7 PERCENT in con- 
struction activity in November is shown 


graphically in Department of Commerce 
curves. 
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allocated for the support of basic research in 
biology, medicine, mathematics, the physi- 
cal sciences, and engineering; about 
$1,350,000 for the training of scientific man 
power; and the remainder for development 
of a national policy for the promotion of 
basic research and education in the sciences, 
for the wider dissemination of scientific in- 
formation, and for other services, including 
support of the National Scientific Register, 
now established in the Office of Education 
Basic scientific research will in most cases 
be supported by means of research grants 
No grants have been made to date, although 
a considerable number of research proposals 
have been received from investigators in all 
parts of the country. Following preliminary 
evaluation and review by the Foundation’s 
three research divisions, the grants must be 
approved by the Director and the 24-mem- 


ber National Science Board. Chairman of 
the Board is Dr. James B. Conant, president 
of Harvard University 

The National Science Foundation Gradu- 
ate Fellowship program will be directed by 
the Division of Scientific Personnel and 
Education, under Dr. Harry C. Kelly. 
Selection of fellows will be made solely on 
the basis of ability and will be carried on by 
the National Research Council. Applica 
tions will be considered from students in the 
natural sciences who have or will have com- 
pleted their undergraduate work in any 
accredited college or university. Inquiries 
and applications should be addressed to the 
Fellowship Office, National Research Coun 
cil, Washington 25, D.C. 


Large Cement Plant 
Goes Into Production 


Cement supplies for the Southern market 
will be increased by a new plant of the Mar- 
quette Cement Manufacturing Company 
that has just gone into production at Bran- 
don, Miss. The first cement plant to be 
built in the state, the new unit will ship all 
types of portland and masonry cement to 
markets in Mississippi, Louisiana, and 
southeastern Arkansas. With a 450-ft 
kiln and present annual production rate of 
1,000,000 bbl, the plant is designed to per- 
mit future expansion. Construction 
started about a year ago. 


was 


Mechanical Engineers 
Elect 1952 Officers 


Reginald J. S. Pigott, director of the 
engineering division of the Gulf Research 
and Development Co., of Pittsburgh, a 
subsidiary of Gulf Oil Corp., was elected 
president of the American Society of Me- 
chanical Engineers at the society's recent 
72nd annual meeting in Atlantic City. 

Regional vice-presidents 
Willis F. Thompson, chief mechanical engi- 
neer, Westcott & Mapes, Inc., New Haven 
Conn.; Ernest H. Hanhart, consulting 
mechanical engineer, Baltimore, Md.; Er 
nest S. Theiss, assistant chief engineer 
Davey Compressor Co., Kent, Ohio; 
Samuel H. Graf, director, Engineering Ex- 
periment Station, Corvallis, Oreg. Elected 
directors-at-large were Albert C. Pasini 
superintendent, production department, the 


elected 


and 


Detroit Edison Co., Detroit, Mich., and 
Paul B. Eaton, head, mechanical engi- 
neering Department, Lafayette College, 


Easton, Pa. 
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Large Volume of Defense 


Work Slated for Alaska 


A “Prospectus of Construction,”’ to be 
accomplished in the Alaskan Command 
during 1952-1953, has been issued by the 
Alaska District of the Corps of Engineers 
Listing some 96 new jobs with an estimated 
cost of about $170,000,000, the prospectus 
states that new projects will be awarded on 
the basis of open competitive bidding and 
that the formal Notice to Prospective Bid- 
ders detailing proposals and requirements as 
scheduled will be made available to firms 
requesting it 

At present defense construction work in 
Alaska supervised by the Army Corps of 
Engineers is proceeding on 114 contracts 
that were let during 1951 at a total cost of 
$190,000,000. Types of construction under 
the current program range from Alaska's 
largest building—a composite six-story 
Army center at the Port of Whittier—to re 
inforced concrete barracks and _ service 
buildings and frame quarters for families 
Projects currently under contract for 
construction, design, and services total 
about $250,000,000 

The forthcoming construction program 
includes vehicle repair shops, gasoline 
stations, administration buildings, warm 
storage units, Post Engineer facilities, tele- 
phone exchanges, indoor training facilities, 
refrigerated warehouses, maintenance shops, 
a bakery, port facilities, a laundry and dry 
cleaning plant, ammunition storage, a 
hospital, water and sewage treatment 
plants, theaters, ordnance and artillery 
shops, an Arctic training school, commis- 
saries, a locomotive shop, a cold storage 
plant, barracks, bachelor quarters, family 
housing, central power and heating plants, 
bulk liquid fuel systems, utilities (including 
water, sewer, steam and electric lines), 
communication systems, fire stations, and 
many other projects 

The ‘Prospectus of Construction”’ and 
other details are available from the Tech 
nical Information Office, Alaska District 
Engineer, Anchorage, Alaska 


Preserve Your Periodicals 


Arrangements have been made with the 
Library Binding Institute, an organization 
representing a number of library binderies 
specializing in binding serial publications 
into volumes, to give members assistance in 
binding their periodicals. This binding 
may be done in accordance with the Ameri 
can Library Association’s ‘‘Minimum Speci 
fications for Class ‘A’ Library Binding,” a 
standard for volume binding 

A request addressed tothe Library Binding 
Institute, 501 Fifth Avenue, New York 17, 
N. Y., will bring members the names and 
addresses of certified binderies in their area, 
qualified to do binding in accordance with 
these specifications, together with instruc 
tions for preparing periodicals for Class ‘‘A”’ 
binding. 
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Heavy Equipment Speeds Idaho Power Dam Project 





CONTROL GATES FOR SPILLWAY of C. J. Strike Power Dam at Grandview, Idaho, are 
assembled by contractor on project, Morrison-Knudsen Co., Inc., Boise, Idaho, by means 
of 20-ton Lorain Moto-Crane, Model MC414, equipped with 50-ft boom. This $18,500,000 
dam on Snake River is one of five being built for Idaho Power Co. as part of intercommuni- 
cating electrical system serving southern Idaho and eastern Oregon. Of earthfill construc- 
tion with rock surface, dam is 3,000 ft long and 120 ft high. It will be completed in 1952 
and will have power output of 82,500 kw 





New York Bus Terminal Completes First Year of Operation 


GOOD FINANCIAL 
showing is made by 
Port of New York Au- 
thority’s $24,000,000 
bus terminal, which 
completed its first 
year of operation in 
December. Total 
revenues for first 
year, amounting to 
about $1,600,000, are 
derived from 17 sub- 
urban and 13 long- 
distance bus lines 
and from _ rentable 
space, now 90 per- 
cent occupied. Con- 
nected to Lincoln 
Tunnel and New 
Jersey by overhead 
ramps, terminal has 
already improved 
midtown Manhattan 
traffic conditions. 
View shows _ roof- 
parking facilities for 
commuters’ cars. 
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Huge Steam Plant to Power AEC Paducah Project 





CONSTRUCTION IS PUSHED on Tennessee Valley Authority's $88,000,000 Shawnee 


Steam Plant near Paducah, Ky. 


With projected capacity of 1,500,000 kw, huge plant will 


furnish 50 percent of power required for new $500,000,000 Uranium-235 plant under con- 


struction by Atomic Energy Commission at Paducah. 


First of ten 150,000-kw units will be 


installed in December 1952, followed by other nine at six-week intervals. Excavation of 
powerhouse site, shown in photo, required removal of 469,000 cu yd of earth, which was 
accomplished by Caterpillar D8 Tractors and Scrapers, and Euclid bottom-dump trucks 


loaded by Koehring Shovels and Manitowoc Cranes. 


Some 24,100 cu yd of concrete went 


into powerhouse substructure. Construction now centers around completion of powerhouse, 
building intake structure, and excavation and dredging of intake and discharge channels. 
TVA carried out excavation of powerhouse area, and excavation and dredging of intake 
and discharge channels is under contract to Leuhr Brothers Construction Co., Columbus, 
Ky. Contract for building four 250-ft-high stacks is held by Custodis Construction Co., 


Chicago and New York. 


Engineers’ Panel Favors Hudson River as 


Source of Additional Water for New York 


Use of the Hudson River as the next ma 
jor source of water supply for New York 
City is recommended by the special panel 
of engineering experts appointed by the 
city in May 1950 to make both immediate 
and long-range plans for expansion of the 
city’s water supply system. The panel con 
sists of Thorndike Saville, M. ASCE, dean, 
college of engineering, New York Univer- 
sity, chairman; W. W. Horner, Past-Presi 
dent ASCE and consulting engineer of St 
Louis; Louis R. Howson, Director ASCE 
and consulting engineer of Chicago; and 
Abel Wolman, M. ASCE, professor of sani 
tary engineering, Johns Hopkins University 

In an 80-page report just made available 
by the Mayor’s Committee on Management 
Survey, the engineering panel states that use 
of the Hudson to supplement existing 
sources would be preferable to the proposed 
Cannonsville development of upstate areas 
drained by the West Branch of the Delaware 
River. Simultaneously a report of the New 
York Board of Water Supply criticizing the 
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recommendations of the engineering group 
and urging their rejection was also made 
public by the committee. 

Arguments for use of the Hudson as a 
source of water supply contend that, with 
modern methods of filtration, the river will 
afford an adequate supply at lower cost than 
could be obtained elsewhere; the Hudson 
can be developed without time-consuming 
court action and interstate conflicts; the 
Hudson project could be operated more flex- 
ibly to conform with future requirements; 
in case of atomic bomb attack the Hudson 
supply would be safer as well as more easily 
decontaminated; and operating costs would 
be lower 

Advantages of the Cannonsville Project 
advanced by the Board of Water Supply 
include lower costs in the long run, with 
annual costs estimated at only $422,000 
after the year 2000; better quality of up- 
land supplies; and automatic operation of 
the Cannonsville project by gravity flow, in 
contrast to pumping and maintenance 





problems involved in operation of a Hudson 
River supply. An additional drawback to 
use of a Hudson River supply, cited by the 
Board of Water Supply, is that operating 
charges would have to be met from the city 
budget, whereas the Cannonsville project 
would be financed by borrowing outside the 
city’s debt limit. 

The engineering panel recommended that 
the Hudson be tapped at an intake just 
south of Hyde Park, and pumped through a 
tunnel to connect with the existing Dela- 
ware Aqueduct. Before mixing with pres- 
ent upland water supplies, the water would 
pass through a filtration plant. The esti- 
mated construction cost of this project, 
which would provide 325 mgd, is $39,185,- 
000. An economic analysis by the staff of 
the mayor’s committee, however, estimates 
the “true cost” of the Hudson project at 
$139,727,000 and that of the Cannonsville 
Project at $156,347,000. The estimate was 
based upon a 40-year bond issue. 

As a more immediate solution to the 
city’s water problem, the engineering panel 
urged that the city set up an organization to 
prevent water wastage from leaks and inade- 
quate fixtures. It also recommended es- 
tablishment of a metering system. 


AASHO Drafts Statement 
of National Policy 


Administrative officers of the American 
Association of State Highway Officials met 
in Chicago on November 27 to draft a 
national policy statement regarding new 
federal-aid legislation for highways. The 
policy statement will be submitted to the 
Congress convening in January 1952 

Recommendations include four authoriza- 
tions for regular federal-aid funds totaling 
$810,000,000, to be apportioned on an 
annual basis as follows: Interstate high- 
ways, $210,000,000; primary, $270,000,000; 
secondary, $180,000,000; and urban $150, 
000,000. Distribution of primary, second- 
ary, and urban allocations in accordance 
with the regular formulas and matching 
basis as provided in the Federal-aid High- 
way Acts of 1944, 1948, and 1950 was recom 
mended. For the interstate funds appor- 
tionment on the basis of the population of 
the states was suggested, with the stipula- 
tion that no state receive less than three- 
quarters of 1 percent. 

Other annual authorizations requested 
include $32,000,000 for forest highways; 
$28,000,000 for forest-development roads 
and trails; $16,000,000 for construction and 
maintenance of roads and trails, including 
necessary bridges, in areas administered by 
the National Park Service; $17,000,000 for 
construction and maintenance of access 
roads to national parks or connecting sec- 
tions of national parkways; $10,000,000 for 
construction and maintenance of Indian 
lands and reservations; and $5,000,000 for 
roads on wunappropriated federal lands. 
Another recommendation urged authoriza- 
tion of emergency relief funds for national 
disaster. 
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Navy Seabees Celebrate 
Their Tenth Anniversary 


The Navy Construction Battalions (Sea- 
bees), master builders of World War II, 
celebrated their tenth anniversary on De- 
cember 28 vith stepped-up construction 
work at more than 30 naval bases and sta- 
tions in various parts of the world. These 
projects include building of airstrips, roads, 
piers, utilities, and ammunition and fuel 
storage depots needed to give overseas 
support to the fleet and its air arm. The 
Seabees are also renovating many of the 
structures that supported the Navy’s drive 
across the Pacific in World War II 

In recognition of their wartime record, 
the Seabees were made a permanent part 
of the Navy in 1946. At the same time, 
the Navy authorized a Seabee Reserve 
organization, which became an important 
source of Navy construction personnel 
when fighting began in Korea. To fill the 
ranks depleted by the calling of reservists 
to active duty, the Navy is still seeking 
men for the Seabee Reserve. The principal 
need is for older, skilled workers. 

Modifications in the organization and des- 
ignation of all but two of the old Naval 
Construction Battalions have made 
during the past two years. The new or- 
ganization provides for Amphibious Con- 
struction Battalions; Mobile Construction 
Battalions; Construction Battalion Main- 
tenance Units; and Construction Battalion 
Detachments (small units trained for special 
duty). Stepped-up training programs are 
under way at Port Hueneme, Calif., and 
Davisville, R. I. 


been 


Florida Conference Studies 
Surveying, Mapping Problems 


Latest developments in surveying and 
mapping, with particular attention to the 
activities of the surveying and mapping 
agencies working in Florida were featured in 
technical sessions comprising the recent 
Fourth Annual Surveying and Mapping 
Conference sponsored by the Civil Engi- 
neering Department of the University of 
Florida 

The overall situation was discussed by 
Carl I. Aslakson, M. ASCE, Comdr., U.S 
Coast and Geodetic Survey, Washington, 
D.C.; Emil Van Brunt, U.S. Geological 
Survey; and William C. Cude, Engineer 
Research and Development Laboratories, 
Fort Belvoir, Va. Local activities in the 
field were reviewed by Earle J. Fennell, 
Assoc. M. ASCE, U.S. Geological Survey, 
Washington, D.C.; Wesley Seay, Florida 
State Road Department; Arthur L. Ward- 
well, Comdr., U.S. Coast and Geodetic 
Survey, Tampa, Fla.; and K. M. Harts- 
field, Corps of Engineers, Jacksonville. 

A. N. Winsor, assistant professor of civil 
engineering at the University of Florida, 
gave an illustrated lecture on ‘‘ Determina- 
tion of True Meridian by Observation on 
Polaris,’’ and Jon Beazley, Jun. M. ASCE, 
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of the Florida State Road Department, pre- 
sented an actual demonstration of the steps 
involved in compiling a planimetric map 
from aerial photographs. The final topic 
was an open discussion on land surveying 
problems conducted by H. O. Peters, civil 
engineer of Leesburg. 

The two-day session was attended by 200. 


ASEE Solicits Aids for 


Engineering Teaching 


The American Society for Engineering 
Education is issuing a call to industry, the 
professional societies, public and private re- 
search organizations, and the engineering 
colleges for teaching aids that may be re- 
viewed in its forthcoming ‘Catalog of 
Teaching Aids.’”’ The proposed catalog, 
which is being prepared by ASEE through 
its Committee on Teaching Aids, will cover 
all kinds of devices helpful to the teaching of 
engineering subjects. The first edition will 
be limited to civil, electrical, and mechanical 
engineering, mathematics, and engineering 
mechanics, and to motion picture films (both 
sound and silent), slides (2 by 2 in. or 3'/, by 
4 in.), models, charts and exhibits. 

Information on such aids should be sent 
to Prof. Carl W. Muhlenbruch, chairman of 
the ASEE Committee on Teaching Aids, 
Northwestern Technological Institute, 
Evanston, IIl., who will see that they reach 


the proper reviewing group. Each offer of a 
teaching aid should be accompanied by a 
written description or photograph and a set 
of operation instructions 


Philippine Government to 
Build Veterans’ Hospital 


Construction of a $9,000,000 Filipino 
veterans’ hospital, the largest and most 
modern in the Far East, will get under way 
in January, according to an announcement 
from the Philippine Association. The re- 
vised plans for the new hospital, which is 
being financed by the United States, have 
been turned over to the Philippine govern- 
ment by Brig. Gen. Ralph B. Lovett, 
Philippines manager of the U. S. Veterans 
Administration. 

To be located on a 135-acre tract in Que- 
zon City on Luzon Island, the project will 
include 27 separate buildings, its own water 
supply and sewage disposal systems and 
other facilities needed for servicing. A fac- 
tory for the manufacture of artificial limbs, 
the first in the Philippines, is also planned. 

Construction of the hospital, including the 
release of bids, will be directed by the 
Philippine government under supervision 
of the U.S. Veterans Administration in the 
Philippines. About two years will be re- 
quired for construction, 


New Construction Expands Kure 


Beach Corrosion-Testing Program 





NEW FACILITIES FOR STUDY OF SEA WATER CORROSION are being added to Harbor 
Island Station of Kure Beach Project near Wilmington, N.C. These include laboratory build- 
ing; full-size water evaporator and distillation units to study effects of water treatment and 
design on corrosion and scaling of such units, especially as used on board ship; additional 
facilities for laboratory study of marine organisms; and new test lot for exposure of specimens 
to sea spray. Operated by Corrosion Engineering Section of International Nickel Company, 
Inc., Kure Beach station has studied many thousands of specimens for other companies and 
government agencies in sea water, sea atmosphere, and sea spray in its 16 years of existence. 
Specimens studied include metals, wood, rope, and protective coatings. 


(Vol. p. 97) 121 





Army Engineers Complete Betatron Plant 





NEW CONCRETE BUILDING with walls 6 ft thick, recently completed by Army Engineers, 
will house ‘‘Betatron,”’ one of largest X-ray machines ever built for revealing flaws in steel. 
With 24,000,000-v charge, Betatron can X-ray steel 7 in. thick in less than one minute and 
complete X-ray studies of component parts of tank turret castings in five hours in compari- 
son with six months normally required. At ceremony at Eddystone plant of General Steel 
Castings Corporation on November 26, Lt. Col. W. H. H. Mullin, executive officer, Phila- 
delphia District, Army Engineers, turned over the $500,000 facility to the Ordnance De- 


partment 


Betatron building and equipment were designed by Jack S. Steele Company, 


Philadelphia, and construction is being performed under contract by Irwin & Leighton, also 


of Philadelphia 


Chicago Firm Engaged for 
ECA Survey in Philippines 


The Chicago consulting firm of DeLeuw, 
Cather & Co. has been retained by the 
Philippine government to make an engineer 
ing and economic investigation and re port on 
the government-owned Philippine Railroad 
A four-man mission, headed by Philip R 
Elfstrom, former vice-president and general 
manager of the Chicago, Aurora & Elgin 
Railway, left for Manila on December 5 to 
initiate the survey, which is being sponsored 
by the Economic Cooper ition Administra 
tion 

Recently the firm investigated and re 
ported on the Makassan Work Shops of the 
Royal State Railways of Thailand in con 
nection with financing by the World Bank 


Bids Asked for VA 
Hospital in Dallas 


Bids will be accepted until February 12 
for the construction of a 500-bed general 
surgical and medical addition to the Vet 
erans Administration Hospital at Dallas, 
Tex The project consists of a 4,311,000-cu 
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ft hospital building, a recreation hall and 
chapel building, a duplex quarters building, 
ind an addition to the existing boiler house, 
in addition to the usual servicing facilities 

Separate bids are being asked for (1) 
general construction, including roads, walks, 
fencing, grading and drainage; (2) electric 
elevators and dumbwaiters; (3) refrigerat 
ing equipment; and (4) laboratory equip 
ment Drawings and _ specifications are 
ivailable upon application to the Director, 
echnical Service, Veterans Administration, 
Washington 25, D.C 


Highway Research Board 
Initiates Parking Survey 


A diagnosis of the parking problem in its 
relation to the economic health of communi 
ties, retail business, and motor vehicle use 
will be made for the first time in a broad 
gauge study undertaken by the Highway 
Research Board. The two-year survey is in 
tended to supply factual answers to such 
questions as the effect of offstreet parking 
shortage on downtown property values and 
taxes; on volume of trade in the business 
center; on street congestion; and on the 
full use of the family car. It will also seek to 


determine whether sufficient offstreet parking 
at moderate cost can be provided to satisfy 
the demand, and how such facilities can best 
be financed. 

Funds for the project have been made 
available by the petroleum and automotive 
industries through the Automotive Safety 
Foundation. It is estimated that $75,000 
will be required for the project. The High- 
way Research Board is directing the survey 
at the request of the Foundation, with 
specific phases of the research to be carried 
out at three or four selected university 
schools of business administration. The 
U.S. Bureau of Public Roads is loaning a 
staff engineer to the Board to correlate the 
university phases of the research. 


World-Wide Guide for Training 


Sanitation Personnel Drafted 


Establishment of adequately staffed serv 
ices in every health administration to deal 
with problems of environmental sanitation 
was advocated by a committee of sanitary 
engineering experts from nine countries 
meeting recently in Geneva, Switzerland, 
under the auspices of the World Health 
Organization. The WHO Expert Com 
mittee on Environmental Sanitation is 
headed by Abel Wolman, M. ASCE, pro 
fessor of sanitary engineering at Johns"Hop 
kins University, who presided at the meet- 
ing It includes representatives from” the 
United States, the United Kingdom, Brazil, 
Chile, France, Italy, India, and Yugoslavia 

Taking cognizance of the wide discrepan 
cies existing in the supply of sanitation per- 
sonnel, in the organization of local health 
services, and in the economic, political, and 
social structure of the various countries, the 
committee stressed the importance of train 
ing everywhere specialists of the highest pos 
sible skill. They emphasized the need 
“not recognized everywhere’’—for using the 
best-trained specialists in under-developed 
areas where problems arising from impure 
water, unsafe milk, and disease-carrying in- 
sects and rodents play an outstanding role 
For more developed regions where the short 
age of sanitation personnel is equally acute, 
the committee advocated, apart from the 
thorough training of sanitary personnel, de- 
velopment of sanitation units in all health 
administrations in order to carry out disease 
control as well as work in town, planning, 
housing, and industrial hygiene 

The need for teamwork at all levels of 
activity in environmental sanitation was 
also stressed by the committee, especially 
where several types of workers are required 
to carry out a balanced program of sanita 
tion. It also recommended establishment 
of adequate centers for the education and 
training of different types of sanitation 
personnel. For the highest trained special 
ists, according to the committee, the crea- 
tion ot well-equipped centers on a regional 
basis is better than poorly equipped local 
centers 
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=< 1 Carloads oF CLAY PIPE 
i used in defense expansion 
~ at North Haven, Connecticut 


eet In the defense expansion program caused by the building 
ji of Pratt & Whitney's huge new aircraft engine plant, North 


Haven, Conn., over 15,000 feet of Vitrified Clay Pipe were 
installed. The new lines connect into the expanded 
municipal sewerage system, assuring corrosion-proof, 


he rT . , 
. Wherever the nation’s defense program calls 
for expansion, Clay Pipe is in demand. Its 


protection is inherent in the pipe — can’t chip 
off, squash out, or wear away, because Clay is 
completely safe — inside and outside, top and 
bottom, through and through. Without it, 
essential construction would be slowed to a 
standstill, and our cities would be ravaged by 


never-wear-out service for this vital defense area. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 

206 Connally Bldg., Atlanta 3, Ga. 


ed sickness. It’s the only chemically inert pipe 
unaffected by sewer gases — the only proved- 
by-performance pipe that can’t wear out. Be 
sure to specify it on all your jobs. 





; g Wherever Reliable, Performance-Proved Pipe Is 

/ Needed, Specifications Call for Vitrified Clay 

° Rantoul, Ill. (Chanute Field) 158,000 fe. 

4 Orlando, Fla. ( Air Force Base) 74,000 fr. 

| Morrisville, Pa. (New Steel Defense Plant) 300,000 ft. 

‘ Rapid City, S. D. (Air Base) 54,000 ft. 

j Eynon, Pa. (Gun Fire Control Plant) 120,000 ft. 

. Marion, N. C. (Municipal Expansion) 32,000 ft. 
Needles, Calif. (Essential Ore) 87,000 ft. 
Tucson, Ariz. (Air Base and Defense Plant) 440,000 ft. 








. = 
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Western Road Test Is Planned 


A full-scale test of bituminous pavement 
in southeastern Idaho will be carried out by 
the Highway Research Board in cooperation 
with ten state highway departments of the 
Western Association of State Highway 
Officials. Cooperating groups are the high 
way departments of California, Colorado, 
Idaho, Nevada, New Mexico, Oregon, 
Texas, Utah, Washington, and Wyoming, 
the Bureau of Public Roads, and the 
petroleum industry 

The test road will consist of two enclosed 
loops, each with two 1,900-ft straightaways 
of identical test pavement. Controlled test 
traffic consisting of two different prevailing 
weights of single-axle trucks will be used on 
one loop, and two different prevailing 
weights of tandem-axle trucks on the other 
Pavement on the test sections will vary in 
thickness from 6 to 22 in., and the relative 
effects of the different types of test trucks on 
all sections will be determined and the re 
sults utilized in future design. Careful 
records of the cost of maintaining the vari 
ous sections will be kept as an aid in deter 
mining the actual cost of each highway type 

Western contractors have been asked to 
submit bids on the test roads, which are to 
be completed early in August. Controlled 
test traffic will then be started on the test 
sections and operated until stopped by 
winter weather. The test will be resumed 
in the spring of 1953 and continued for 
about three months 


G.E. to Supply Equipment 
for New Aluminum Plants 


Generators and turbines capable of pro- 
ducing 395,000 kw of electric power are in- 
cluded in a $20,000,000 order for General 
Electric equipment now being readied for 
installation in two new aluminum plants 
Equipment amounting to almost $13,000, 
000 has been ordered by the Kaiser Alumi 
num Chemical Corp. for a new four-pot 
line reduction plant at Chalmette, La. A 
separate $8,000,000 order has been placed 
by the Reynolds Metal Co. for its two-pot 
line installation now under construction 
near Corpus Christi, Tex 

Both plants are expected to be in opera 
tion by the beginning of 1952. They will 
have an aggregate annual output of 550,000, 
000 Ib of aluminum 


Soil Conservation Studied 
in Three River Basins 


Eight teams of state and federal agricul- 
tural specialists are now at work on an in- 
clusive soil conservation survey in the 
three river basins under study by the 
Arkansas-White-Red Basins Inter-Agency 
Committee, according to John A. Short, 
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Assoc. M. ASCE, Department of Agri- 
culture member of the committee. The 
teams, consisting of specialists from state 
agricultural colleges and federal workers 
with experience in the localities where they 
are working, are listing the specific con- 
servation practices needed and plotting 
the number of acres that should be protected 
by each practice. The figures will provide 
needed data for the Inter-Agency Commit- 
tee in the formulation of an overall plan of 
soil and water conservation and develop- 
ment. Teams have been assigned to each 
of the basin states of Louisiana, Missouri, 
Arkansas, Texas, Kansas, Colorado, Okla- 
homa, and New Mexico 

The final report on the 180,000,000-acre 
area is scheduled for completion in 1954. 
However, the soil conservation inventory 
and other preliminary steps will be com- 
pleted earlier 





Mapping Instrument Tested 
for Military Allocation 





TO FACILITATE military mapping, Engineer 
Research and Development Laboratories at 
Fort Belvoir are testing and evaluating Kelsh 
Plotter, new stereo-photogrammetric instru- 
ment. Designed by Harry Kelsh and de- 
veloped by Geological Survey, new device 
is similar in principle to the Multiplex, 
standard Corps of Engineers mapping in- 
strument. However, the Multiplex requires 
auxiliary equipment to correct for aerial 
camera lens distortion present in the aerial 
photograph, whereas correction device is 
built into the Kelsh Plotter. Additional ad- 
vantage of the Kelsh Plotter is that the three- 
dimensional image projected is more highly 
resolved and at greater magnification than 
that projected by the Multiplex. 





Synthetic Gravel Is 
Developed from Mud 


Development of a process for producing 
synthetic gravel from mud is reported by 
Cornell University. Components in addi- 
tion to mud are inexpensive chemicals and 
sulfite liquor, a waste product from the 
paper industry. Mixed in a “briquetting” 
machine, the material is fused into the shape 
of oversized dog biscuits, which may then be 
broken to resemble crushed rock. Accord- 
ing to university authorities, the technique 
promises to solve a number of special prob- 
lems in road building and other construction, 
particularly in places where gravel is scarce 
or non-existent. 

In tests, individual pieces have been sub- 
merged in water for six months without dis- 
integrating. They have withstood freezing 
and thawing and dropping from a three-story 
height. Experiments show that the binder 
is effective with a wide variety ot soils, rang- 
ing from beach sands to heavy clays, and is 
not affected by organic contamination in the 
soil. Costs are said to be comparable to 
those for stabilization of soils with cement 
or asphalt, but the process has been found 
effective where other methods often are not. 

The process was developed by Prof 
Benjamin K. Hough, Assoc. M. ASCE, of 
the School of Civil Engineering, and Prof 
Julian C. Smith, of the School of Chemical 
and Metallurgical Engineering, during a 
study of soil properties and stabilization 
The research is sponsored by the Army 
Corps of Engineers. 


Bid Calls to Be Issued 


for Reclamation Dams 


Bid notices will soon be issued by the 
Bureau of Reclamation for work on four 
multiple-purpose dams, for which supple- 
mental appropriations of $5,285,000 were 
made available in the recent closing sessions 
of Congress 

Of these funds $2,000,000 will go toward 
construction of the $76,601,000 Palisades 
Dam and Power Plant in Idaho, which will 
have a potential hydrolectric power capac- 
ity of 114,000 kw for defense and domestic 
use. The project will also supply supple- 
mental water for about 650,000 acres of land 
Two of the dams are part of the Missouri 
River flood control system. Some $2,500,- 
000 was appropriated for Kirwin Dam, an 
$18,187,000 structure on the Solomon River 
near Kirwin, Kans., the area devastated by 
floods last summer. Jamestown Dam on 
the James River in North Dakota reccived 
$500,000 for initial construction on a 
$10,628,000 project. It will provide 540,000 
acre-ft of storage for flood contrcl and 
municipal supplies. Irrigation features for 
both projects will be developed later. An 
initial appropriation of $285,000 was made 
for the $2,664,000 Vermejo irrigation project 
near Maxwell in northeast New Mexico 
The plan calls for enlarging three existing 
reservoirs and creating a new one for flood 
and silt control 
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UTHORITIES and other public bodies during recent 
years have fi nanced a growimg volume of needed facilities on a 
pay-as-you-go basis through the medium of Special Revenue 


Obligations rather than Bonds payable from general taxation. 


Smith, Barney ¢ Co. has taken an active part im the devel- 
opment of such financing throughout the natin, either as 
an Underwriter or, as in the case of the New Jersey Turn- 
jrke Authority, as Fmancal Advisor ~~ and we are prepared at 


all times to provide expert services in this highly specialized field. 


Smith, Barney & Co. 


Members New York Stock Exchange and other Leading Exchanges 


14 Wall Street, New York 5, N. Y. 
PHILADFLPHIA « CHICAGO « BOSTON 


Albany Allentown « Hartford 
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COLUMN 


R. Robinson Rowe, M. ASCE 


Joe,”’ began the Professor, “if a quadri 
lateral is cut diagonally into 4 triangular 

I remember,” interrupted Joe Kerr 
Obviously, if all sides are integers and 
irea of each triangle equals its perimeter, 
the triangles are right, and we have 


Fd xe 2 l 


;”) 
Now (1) is satisfied by the familiar genera 
tors: a = m* — n*,b = 2mn,andc = m?*? + 
n*. Substituting these in (2 
= 2, for which, by inspection, the 
only solutions in positive integers are m = 3, 


leads to 
n(m — n) 


COSTS 
RISING? 





n = 1 or 2, generating the two triangles 
8,6,10 and 5,12,13. Since no two sides are 
equal, I had to fit 4 of either kind into the 
quadrilateral. Either way, the 4 sons were 
of the same age at their last birthdays, so I 
guess the “3 younger sons” were triplets 
born 11 months after the eldest. Is that an 
answer?” 

“I don’t think so, for one,”” mused Cal 
Klater. “‘We were asked the age of the 
eldest, not how much older he was than the 
others. Besides, Joe jumped at right tri 
angles when he should have started with the 
general heronian equation: 


A? = sis — als — bs — ©) (3) 

Az P2z2%2% 2=a+b0+¢ (4) 

If we let? =s —a,u =s —bandrv =s —<¢ 
then s = ¢ + u + vand (3) becomes 

uv = 4t+utnr). (5) 


in which we can specifyO <i<u<v. It 
doesn’t take many trials to find that there 
are just 5 solutions to(5): ¢ = 1;2; «= 
5,6,8 ;3,4: and v = 24,14,9; 10,6. Substi 
tuting back, we find Joe’s right triangles and 
6,25,29; 7,15,20 9,10,17 

“For 3 of these triangles to fit in a quadri 
lateral, there must be two common sides, 
which must be 6 and 10 because no others 
are repeated. The sketch shows how. The 
$ areas are 24, 36, 60 and 90, which are pro 
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.. . You need CONSTRUCTION COST CONTROL 


Written by construction men, and containing 
sections on: Classification of Construction Cost 
Accounts; Distribution of Costs; Contrel of 
Costs; Financing the Construction, and Toxes. 


CONSTRUCTION COST CONTROL IS oa Practi- 
cal answer to your cost problem. 


Well illustrated and supported by charts and 
specimen accounting. forms, this authoritative 
97-page, 82 x 11, sturdily bound book 
covers the complete cycle of estimating, ac- 
counting, distributing and analyzing of all 
operational and overhead costs. A practical 
and easily applied system is fully outlined. 


American Society of Civil Engineers 
33 West 39th St., New York 18, N. Y. 


Please send copies of 
CONTROL 


Enclosed is check (or money order) in the amount of $ 


e~ 
l 
| 
| 
| 
| 
| | am am not a member of ASCE 
| 
i 
| 
| 
| 
ul 


Name 


CONSTRUCTION COST 


Included are sections on: PRELIMINARY ESTIMAT- 
ING, BUDGETING, CLASSIFICATION OF CON- 
STRUCTION COST ACCOUNTS, DISTRIBUTION 
OF ACCOUNTS, CONTROL OF COSTS, TIME 
AND MOTION STUDIES, FINANCING AND TAX 
PROBLEMS. 


Sent postpaid to ASCE Members—$4.00 

To non-members—$5.00 

To ASCE Student Chapters in quantities of 10 
or more—$3.00 each 

To colleges for textbook use in quantities of 10 
or more—$3.00 each 
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Central figures are areas of 
triangles; except for “90,” 
they equal the perimeters 








FIG. 1. JOE KERR presumed triplets (ca), 
but Cal proved (b) a more likely sequence. 


portional to only one set of minor ages, 4, 6, 
10and 15. Sothe age of the eldest was 15.” 

“I agree with Cal,’ added Ken Bridge 
water, “but first I figured some pretty big 
ranches when I presumed you wanted area 
in acres to equal perimeter in feet.”’ 

“If you want to use acres,”’ concluded 
Professor Neare, ‘‘better reckon distance in 
chains. ‘There are six right triangles rang- 
ing from 234 to 1,722 acres, and plenty of 
others 

“For a timely New Year problem, con 
sider the 1952 employees in the SPA (Sur- 
plus Personnel Administration). The SPA 
started humbly in 1944, more than doubled 
in 1945 and thereafter added as many new 
employees at the beginning of each year as 
had been added in the preceding biennium 
In 1953 there will be 11 times as many as 
were added in 1950, and in 1957, 29 times as 
many as were just added this year. How 
many will there be in 1961?” 


[Cal Klaters were: Ed C. Holt, Jr., A 
Vuther Nutt, Richard Je nney, Stoop ( John L 
Nagle, S. L. Dum (Thomas M. Borman), 
Charles W. Trigg, Julian Hinds, R. E 
Philleo, Wm. C. Hunter, and Thatchrite (Guy 
C. Thatcher). Also acknowledged is Sauer Doe 

Varvin) Larson's solution to the October 
pe rfect canal problem ! 


Film Shows Labrador 
Railroad Construction 


Availability of a 16-mm kodachrome si- 
lent film depicting construction of the Labra 
dor Railroad and iron ore development in 
the Knob Lake-Burnt Creek district of 
Labrador (November issue, page 66) is an- 
nounced by Armco Drainage & Metal 
Products, Inc. The film, which runs about 
30 minutes, is recommended for showing to 
engineering groups, college students, and 
other technical groups 

Arrangements for booking can be made 
through division offices of Armco Drainage 
& Metal Products, Inc., or by writing di- 
rectly to the headquarters of the company 
in Middletown, Ohio. 
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TH reed Sam 


“Bringing horizontal and vertical surveying 
control into some 500 square miles of moun- 
tain and glacial wilderness was my job on the 
Juneau Ice Field Research Project in 1949-50,” 
writes Richard G. Merritt. Then a Yale under- 
graduate, Merritt was chosen to head the sur- 
veying for investigations supported by the 
American Geographical Society of N. Y., the 
Office of Naval Research and other organiza- 
ab tions. He qualified through experience as a 
skier and mountain climber; he could handle 
arctic and alpine problems as well as a transit. 
“My first problem in this maze of peaks, 
snow fields and glaciers was starting the tri- 
angulation system. The U. S. Coast and Geo- 
detic Survey had extended third-order control 
to the edge of the ice field at two points, 13 
miles apart. What could be more ideal: a base 
line as long as my longest sights. Measuring 
an accurate base of any length in glacier snow 
would be impossible. 
“For stations, I chose mountain summits—a 
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COURTESY AMERICAN GEOGRAPHICAL SOCIETY, WN. ¥, 
- =p Triangulation station at 5260 feet in Juneau Ice 
| Field: Richard Merritt reads Gurley Transit. 
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AIR FORCE PHOTO J : 
Air view of 500 square miles of Juneau Ice Field 
with the principal triangles in Merritt’s system. ad 
decision I sometimes regretted when reaching r 
them became difficult. The actual surveying 4 
was the easiest part. We merely set up and 
shot a complete circle. ia 
i 


“Surveying also played an important role in 
determining the rate of surface movement of 
the main Taku Glacier across several profiles. 
This problem was unique, requiring Christmas 
tree-like flags placed on the glacier and posi- 
tioned by triangulation. We found Taku 
moved as much as three feet a day at its fastest ‘ 
point, the center. 


“The Gurley Was My Pride” 


“It required roped climbing to reach most of 
our stations. We couldn’t travel safely with 
packs on our backs, but hauled them up on the 
end of the rope. Our Gurley Transit proved | 
stout and sturdy—had to be, to stand being 
dragged up perpendicular rock faces. I was 
worried every time the transit box bounced wil 
against the side of a peak, for the Gurley was 

my pride. But nothing seemed to phase that 
transit—not even bad ski falls. It remained in 
perfect adjustment.” 


G©iest w.aL. &. GuRLEY 





———} W. & L. E. GURLEY, 518 FULTON STREET, TROY, N. Y. 




















GURLEY 





} Surveying and Engineering Instruments, Hydraulic Engineering Instruments, Standard ying and Scientific Instrument Mokers i 
e ie . , , : Since 1845 
prone Weights and Measures, Paper and Textile Testing Instruments, Reticle we 
| Making Facilities, Aeronautical Navigating Instruments, Meteorological Instruments. = ; 
' { ' “@ & rere tbnernts ' ij gg | i 
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Permanent, Economical Bridges 


r 


f Bowstring truss bridge of 72 feet span; road- 


Please send me your folder 


wey width 20 feet clear; 
4-20; deck longitudinal | 
with truck mounted crane. 


loading AASHO 
i Erected 























...Build them NOW 
with readily available Timbers 


This timber bowstring bridge is an object lesson in economical, low- 
maintenance construction which may be obtained on short notice any- 
where in the country. 

Top and bottom chords are glued laminated timbers composed of 
kiln dried material “welded” together under pressure by glues which 
are as permanent and strong as the wood. These members are dimen- 
sionally stable, undergo no seasoning action after being placed in bridge. 

All parts of the bridge were precision fabricated, given an approved 
preservative treatment and delivered to the job site ready for fast, easy 
assembly and erection. 

Other bridges built quickly and economically with engineered tim- 
bers include arch deck, parallel chord truss, girder, and timber-concrete 
composite deck types. Engineering facilites are available, when desired, 
to assist your staff or to undertake the engineering work involved in 
the bridge design. 

Basic bridge types of Timber Structures, Inc., are illustrated in 
brochure, “Permanent Timber Bridges”. Get your copy from your 
nearest Timber Structures office, or fill in and mail the coupon. 





TIMBER STRUCTURES, INC. 


P. O. Box 3782-Y, Portland 8, Oregon 
Offices in New York; Chicago Dallas; Seattle; Spokane 
TIMBER STRUCTURES, INC. OF CALIFORNIA «+ Oockland, Colifornia 
TIMBER STRUCTURES OF CANADA, LTD. - 


local Representatives Throughout the United States and Canada 


Detroit; Kansas City 


Peterborough, Ontario 


TIMBER STRUCTURES, INC. 
P. ©. Box 3782-Y, Portland 8, Oregon 


Permanent Timber Bridges 
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NEW IN 
EDUCATION 





The second annual quality concrete short 
course will be held at Georgia Institute of 
Technology, Atlanta, February 4-6. Prof 
R. J. Paquette will direct the course, which 
is being conducted by the School of Civil 
Engineering. The course offers laboratory 
participation and comprehensive instruction 
on the design and control of concrete mix- 
tures, placing, and forms and curing. 


Announcement of teaching assistantships 
graduate fellowships, and research assistant- 
ships for the academic year 1952-1953 is 
made by the Carnegie Institute of Tech- 
nology College of Engineering and Science 
The assistantships carry remission of tuition 
and fees amounting to $600 and cash sti- 
pends ranging from $750-$1,100. Graduate 
fellowships, supported by outside agencies 
and special Carnegie funds, carry grants 
.based upon need up to $2,100 in addition to 
tuition. Address inquiries to Dean of 
Graduate Studies, College of Engineering 
and Science, Carnegie Institute of Tech- 
nology, Pittsburgh 13, Pa 


The Research Division of the New York 
University College of Engineering has 
organized a new section on air and water 
pollution research, according to an an- 
nouncement from Dr. Harold K. Work, 
director of the division. The section, con- 
sisting of a panel of seven specialists to 
study air and water pollution problems, 
includes Gail P. Edwards, M. ASCE, 
professor of sanitary chemistry, and William 
T. Ingram, Assoc. M. ASCE, associate 
professor of public health engineering, who 
is executive secretary of the section. 


To meet demands for qualified personnel 
in the broadening field of sanitation, Rens- 
selaer Polytechnic Institute has been pro- 
moting a curriculum in sanitary engineering 
during the past two years. The program, 
leading to a bachelor’s degree in civil engi- 
neering with sanitary option, includes 
courses in environmental sanitation, prin- 
ciples of sanitation, water purification and 
sewage treatment, stream sanitation, and 
sanitary works design. Research in the 
field will be developed at the sanitary engi- 
neering laboratory. 


The graduate faculty of Lehigh Univer- 
sity Department of Civil Engineering and 
Mechanics has approved the offering of the 
degree of Master of Science in Engineering 
Mechanics. Involving 30 hours of credits, 
the program is available to those who have 
the equivalent of a Lehigh degree of Bache- 
lor of Science in Engineering. 


The 1951-1952 welding prize competition 
and program of awards, conducted by the 


Eutectic Welding Alloys Corp., is an- 
nounced. Participants may submit papers 
on “Welding Engineering and Theory” 


and “Practical Welding Applications."’ A 
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total of 30 cash prizes amounting to $2,000 
will be awarded. For a complete set of 
rules, entry blank, and suggestions on the 
preparation of papers address the Eutectic 
Welding Alloys Corp., Department P, 172nd 
Street and Northern Blvd., Flushing, N.Y. 


Tests on prestressed concrete will be 
continued this winter at Stevens Institute 
of Technology by students working for the 
Mahler Award, established last year to 
stimulate interest in the testing of mate- 
rials. The award, consisting of member- 
ship in the American Society for Testing 
Materials for up to five students, is offered 
annually and made on the basis of special 
investigation in the field carried out during 
the student's senior year 

Model tests for a 275-ft sludge vessel 
for the City of New York have been com- 
pleted at the Experimental Towing Tank 
at Stevens Institute of Technology. The 
vessel, to be used by the Division of Sew- 
age Disposal of the Department of Public 
Works, was designed by Philip L. Rhodes 
and is now under construction by John H 
Mathis of Camden, N.J. It will be used 
to dispose of residue from sewage processing 
in the Atlantic Ocean off Ambrose Light- 
ship 


Ohio State University has received an 
unrestricted grant of $7,500 from the Re- 
public Steel Corp. to help support research 
studies on industrial waste disposal. The 
investigations will be conducted at a pilot 
plant now under construction on the east 
bank of the Olentangy River. The Ohio 
Legislature has authorized the studies and 
allocated $100,000 to the State Water Re- 
sources Board for the research, which will 
be conducted by the Engineering Experi- 
ment Station 


Initiation of a doctor of philosophy pro- 
gram in irrigation engineering at Colorado 


A. & M. College is announced by Dean 
T. H. Evans. The first doctorate to be 
offered by the college, the degree will be 


administered by the civil engineering depart- 
ment. The work will be given in conjunc 
tion with programs of the Irrigation Insti 
tute and can include theoretical or applied 
fluid mechanics, design, soils and water, 
operation and management, and project 
planning. A limited number of teaching 
and research fellowships will be available. 


Chemicals that promise to aid in control 
of soil erosion are undergoing tests at Ohio 
State University. Research began last 
December at the Engineering Experiment 
Station there to determine effectiveness of 
the chemicals in “anchoring” soil samples 
taken from various parts of the country 
and subjected to erosion action of artificial 
rain. Chemical treatment of the soil 
surface reduced the damaging effects of 
rainfall by as much as 15 times, and test 
plots have now been established to obtain 
field confirmation of these results. Louis 
J. Goodman, assistant professor of civil 
engineering, is supervisor of the research 
project, which is sponsored by the Navy 
Bureau of Yards and Docks and adminis- 
tered through the Ohio State University 
Research Foundation. 
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Alternate methods of supporting large storage tanks 
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... another example of the economy of using 
Koppers Pressure-Treated Wood 


T THE Williams Plant in Port 
Arthur, Texas, foundations were 
recently installed for six large storage 
tanks. These tanks are on ground that 
is slightly above the permanent water 
table. Under such conditions it is com- 
mon practice to use untreated timber 
piles for foundations. 

But untreated piles, as shown above, 
may require a thick pad of concrete— 
and that runs into real money. This 
thickness of concrete may be neces- 
sary because untreated piles cannot 
be cut off any higher than one foot 
above the permanent water table; 
otherwise they are vulnerable to de- 
cay and insect attack. 


Koppers Pressure-Creosoted Piles, on 
the other hand, are fully protected 
against decay and insects... they can 
be cut off at any point above the perma- 
nent water table. A thinner pad of con- 
crete is all that’s needed—and the 
costs are much lower. 

That’s why the Williams’ tanks 
were founded on Koppers Pressure- 
Creosoted Piles. The estimated sav- 
ings in material and labor, based on 
Gulf Coast prices, are set forth below. 
These figures cover all six storage 
tanks—five tanks with a capacity of 
500,000 gallons each, and one tank 
with a capacity of 1,500,000 gallons. 


Comparative Costs 


USING 
UNTREATED PILES 


USING 
CREOSOTED PILES 


Fe err 
eee rere re 


2,610... 
3’6". 

61.95. 
1,930...... 


ee ee eeee 


#8 eee eee 


Pere. 8. §& . 


weTrerree. bn i nn 
0 soe Schcadedlen doen ewe 
.Tons of Reinforcing Rod...........61.95 


z 1 ed 


-432 


$180,850............Total Cost............$147,338 


$180,850 
147,338 
Savings—$33,512 


Use of untreated piles would have increased foundation costs by 22.7%. 


Pressure-creosoted piles are now accepted in most modern 
building codes for permanent construction. Write for further 


information and quotations. 


. \ KOPPERS COMPANY, INC., PITTSBURGH 19, PA. 
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EXTERNAL VIBRATORS 











where new products are constantly 
being developed to furnish you 

a complete line of superior 
vibration equipment. 


jag Ww 


** where greater 
nef more jell. of efficient work 
at low cost operation have made Viber 
Standard equipment with leading contractors 
throughout the world. 


Please write for Viber's new 
illustrated catalog on its standardized line 
and new products. 





IBER company 


Concrete Vibrators Since 1931 





18 726 South Flower Street * Burbank, California 





/ | DECEASED 


Samuel Baker (M. '31) of Scranton, Pa., 
died on November 14, at the age of 48, 
Early in his career Mr. Baker was assistant 
principal and principal of civil engineering 
for the International Correspondence 
Schools in Scranton, Pa.; bridge designer 
for J. A. L. Waddell in New York City; and 
designer for the Erie Railroad in New York. 
In 1926 he returned to I.C.S., 
director of the civil engineering schools, 
associate dean of the schools of technology 
and director of the civil engineering schools, 
and vice-president and dean of the schools of 
technology, retiring in 1948. He received 
his engineering degrees from Cooper Union 


becoming 


George William Booth (M. '08) retired 
engineer of Glen Gardner, N.J., 
October 2. He was 80. Upon his gradua- 
tion from Worcester Polytechnic Institute 
in 1891, Mr. Booth became an instructor in 
civil engineering there. He worked succes- 
sively for E. Worthington Jr. & Co., of Bos- 
ton, Mass.; the Massachusetts State Board 
of Health; and the Metropolitan Water 
Board of Massachusetts. Except for one 
year with the New York City Department 
of Water Supply, Gas and Electricity, Mr 
Booth had served the National Board of Fire 
Underwriters from 1904 until his retirement 


died on 


John Francis Devine (Jun. M. '49) engi- 
neer for the Wisconsin State Highway Com- 
mission, at Milwaukee, Wis., died recently 
He was 26 and a graduate of Marquette 
University, where he had been a member of 
the ASCE Student Chapter 





Leroy L. Hidinger, Former 
ASCE Director, ls Dead 


Leroy Lemayne Hidinger (M. ‘16) for 
the past 36 years president of the Morgan 
Engineering Co., of 
Memphis, Tenn., 
died on November 
ll. Hewas72. Mr 
Hidinger became a 
partner in the Mor 
gan Engineering Co 
in 1910. An expert 
on flood control and 
drainage engineering, 
he worked on such 
projects as the Littk 
River Drainage Dis- 
trict in Missouri, the 
Wichita River Proj- 
ect in Texas, and the Trinity River Project 
in Dallas. Earlier he had been engaged as 
drainage engineer by the federal govern- 
ment. He served the Society as Director 
(1936-1938) and as president of the Mid 
South Section. He received his degrees from 
lowa State College and was Marston Meda! 
ist in 1942 


(Continued on page 135) 
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Philadelphia's Independence Hall, where the Liberty Bell is housed, as it looked 100 years ago 


Philadelphia has cast iron water and gas mains 

in service that were laid well over a century ago. 

One of them is America’s oldest cast iron water main, 
still functioning despite the radically changed conditions 
of street traffic and underground utility services 

in 100 years. The fact that cast iron pipe, laid generations 
ago, withstands the shock of heavy-duty traffic 

and the stresses caused by congested underground 
structures, amply demonstrates its shock-strength and 
beam-strength. Because of these strength factors 

and effective resistance to corrosion, cast iron water and 
gas mains, laid over 100 years ago, are still serving 

in the streets of more than 30 cities in the United 

States and Canada. United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. 

Plants and Sales Offices Throughout the U.S.A. 
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ENGINEERING SOCIETIES 


PERSONNEL SERVICE, INC. 


NEW YORK CHICAGO 


8 W. 40th ST.| 84 E. RANDOLPH ST.| 100 FARNSWORTH AVE. 


DETROIT SAN FRANCISCO 


57 POST ST. 





This placement service is available to 
members of the Four Founder Societies. 
If placed as a result of these listings, the 
applicant agrees to pay a fee at rates 
listed by the service. These rates-- 
established to maintain an efficient non- 
profit personnel service—are available 
upon request. The same rule for pay- 
ment of fees applies to registrants who 
advertise in these columns. All replies 
should be addressed to the key numbers 
indicated and mailed to the New York 
Office. Please enclose six cents in post- 
age to cover cost of mailing and return of 
application. A weekly bulletin of engi- 
neering positions open is available to 
members of the cooperating societies at 
a subscription rate of $3.50 per quarter 
or $12 per annum, payable in advance. 








Men Available 


Assoc. M ASCE 33 
veteran; B.S. in CLE 3 years’ ex 
perience, field and office, on railroad, heavy 
earthwork, and reinforced concrete construction 
4'/+ years as hydraulic and structural designer of 
reinforced concrete hydraulic structures, con 
duits, canals, and pumping plants Familiar 
with specification writing and administrative 
experience as design section head. C-708-5110 
A-4-San Francisco 


Civi. ENGINEER 


married 


Researcn Encirneer; Aff. M. ASCE; gradu 
ate work physics and business administration 
Ph.D., mathematics; research and publications 
pure and applied mathematics extensive ex 
perience in economic justification engineering 
projects, highway planning, studies of highway 
city street traffic, service life physical property 
scientific inventory control, quality control manu 
factured products, teaching college mathematics 
fire technology, report writing. C-709 


Crvi Enorneer; Assoc. M. ASCE; from India 
with a master of science degree in Civil Engineer 
ing (advanced structures) and with a year's spe 
cialized training in various highway and dam 
structures in the United States seeks administra 
tive or technical position with any civil engineer 
ing concern in the United States of America or 
Canada C-710 


ENGINEERING OR GENERAL MANAGER; Assoc 
M. ASCE; with broad administrative experience 
in research, design and fabrication of metals, 
plastics and other materialsin structures. Train- 
ing also in business, personnel, sales. Many 
years’ experience solving difficult structural prob- 
lems when unusual conditions required starting 
from scratch. Ph.D. applied mechanics plus 15 
years’ practical experience. C-711 


Positions Available 


SANITARY ENGtineeRS; 35-40; to design and 
draw up sewage systems and treating plants, etc., 
with knowledge of water producing and distribu 
tion. Should have about 10 years’ practical ex- 
perience in addition to a degree in sanitary engi 
neering Location, Virginia Y-6120 


AssIsTANT Direcror or Pusiic Works; 
civil graduate; registered engineer or eligibility 
for a certificate of registration as professional 
engineer for State of Maine; to assist in public 
works functions including street and sidewalk 
construction and maintenance, sewers, parks 
rubbish collection and disposal, automotive main 
tenance, operation of gravel pit and asphalt 
plant, and the design, construction and alteration 
of building and miscellaneous structures. Should 





ENGINEER 
EXPERIENCED 


in general municipal work includ- 
ing construction of water and 
sewer line, pavements and drain- 
age facilities, maintenance of 
streets, public grounds and build- 
ing, to supervise operation of 
engineering and service depart- 
ments of rapidly growing resi- 
dential community in Metropolitan 
Good pay with op- 
Submit 


full resume, stating experience, 


Cleveland. 


portunity for increase. 


education, age, availability and 


salary expected. 


Box C.E. 204 
Civil Engineering 
33 West 39th St. 

New York 18, N. Y. 








SALES 
ENGINEER 


for large concern in con- 
struction field. Must have 
degree in civil engineer- 
ing. Prefer person having 
experience in contacting 
engineers and contrac- 
tors. Desire resident of 
Kentucky, as position is 
located in Louisville. 


Box C.E. 205 
Civil Engineering 
33 West 39th St. 

New York 18, N. Y. 











have considerable experience in the above type of 
work, including supervisory experience in muni- 
cipal engineering work Salary, about $5,000 a 
year to start. Location, Maine. Y-6128 


CONSTRUCTION Fie_pD SUPERINTENDENT, ex- 
perienced in all phases of heavy industrial con 
struction, to direct work on major construction 
projects. Will supervise division engineers 
Location, Delaware. Y-6193 


ASSISTANT OR AssociATE Proressor of civil 
gineering; 35-50; with advanced degree and 
some teaching experience Should be qualified in 
fields of soil mechanics and highway engineering 
Salary, about $4,000-$4,700 a year Location 
New England Y-6228-(b) 





HYDRAULIC AND SANITARY DESIGNER; civil 
graduate; with at least 5 years’ experience, to 
design land drainage, water flow, and sanitary 
systems. Also assist in scientific studies of water 
flow in towing tanks, etc. Salary, $6,000-$8,000 
ayear. Location, New York, N.Y Y-6239 

Civi. ENGINEER; graduate; 25-35; to do 
technical promotional work in connection with 
building trades. Considerable traveling in the 
East No selling Knowledge of building codes 
desirable. Salary, $6,000-$7,200 a year. Loca- 
tion, New York,NY. Y-6246 





Sirtural 
E:agineer 


fo Minimum four years’ experience 
in steel 
or reinforced concrete problems. 


WE OFFER: 


@ Attractive salary with con- 
siderable premium overtime 


@ Excellent opportunity to as- 

sume additional responsi- 

bility 

Liberal Employee Benefits 

The security inherent in as- 

sociation with a company 

established over half a cen- 

tury 

@ Convenience of working in 
downtown New York City 
near all local and commut- 
ing transportation facilities. 


Please write complete details prelim- 
inary to confidential interview to: 


MR. MARTIN COYNE 


The M. W. KELLOGG Co. 
225 Broadway New York 7, N. Y. 
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Recent Grapvates; civil or mechanical engi- 
lable to geers who are interested in construction work. 










ocieties. Will be required to work in the office and be 

ngs, the grained for heavy construction work in the field. 

it rates Domestic or foreign. Salary, $4,200 a year 

rates Headquarters, New York, N.Y. Y-6266 

nt non- 

7 oan Crvm or Srructrurat ENGINEERS; recent WH ) M ‘a 7 
ts who duates with degrees; for work including the eee & 
replies determining of structural and architectural re- 

umbers quirements, preparing working drawings, speci 

w York feations and estimating for the construction of 

N post- power plants, subways, wharves, subaqueous 

turn of qunanels, wind tunnels, transmission towers and 

f engi- industrial structures. Must be capable of doing 

ble to structural design work Will be given drafting 

ties at and design assignments in connection with vari- 

quarter ous projects. _ Salaries open Location, Massa- 

ince chusetts. Y-6302 

— SANITARY ENGINEER to take charge of sanitary 


facilities on highway construction project in 
tropics Must be United States citizen. Physi- 
cal examination required. Single status. Must 
have had some Latin American experience 






type of Salary, $6,000-$8,000 a year plus living allow ? 
muni- ance Location, Bolivia Y-6303 
»,000 a 
ENGINEERS (a) Civil, structural, or building & 
construction engineer, graduate; 35-50; pref 
Tr, ex eably 10 years’ design experience, including 
al con work on industrial projects; service with 1 or 
uction more of the country’s larger engineering firms; 
ineers a minimum of 5 years’ responsible experience in 


the supervision of construction and/or other 
duties in the field. Salary, $8,000-$10,000 a 
f civil year (c) Resident Engineer civil or structural 


“ nad for construction of industrial buildings Salary 


fied in $6,500-$8,000 a year. Location, upstate New 
serine York. Y-6304 
‘ation 


Project ENGINEER, civil and architectural, 
with experience in office and institutional type 


civil buildings Considerable traveling Salary e e e 
ce. to $7,500 a year Headquarters, Washington, D.C e oO Cc e e i n © | { Oo r n I ad 
¥-6359 7 
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» the The step up to Aircraft Engineering isn’t as steep as you might expect. 

code 

Loca Aircraft Experience isn’t necessary. Lockheed takes your knowledge of 

engineering principles, your experience in other engineering fields, your apti- 

Positions Announced tude, and adapts them to aircraft work. You learn to work with closer toler- 

= ances, you become more weight conscious. 

City of Norwich, Conn. A position as What’s more, Lockheed trains you at full pay. You learn by doing — in Lock- 
Director of Public Works for the City of | heed’s on-the-job training program. When necessary, you attend Lockheed 
Norwich, Conn., is open to a civil engineer |  GJasses. It depends on your background and the job you are assigned. But, 
with experience and licensed by the State of . 

Connecticut. Salary open with opportunity | always, you learn at full pay. 

for increases. Position requires organiza- | These opportunities for engineers in all fields have been created by Lock- 

tional and administrative ability. Appli- odie 3 a 5 Rac buildi 1 Ser dol 1 

cants need not be residents of Connecticut. eed's long-range production program — building planes fo aes, Pes 
for the world’s airlines. ee 

California State Personnel Board, Sacra- a i | 
mento. California’s new water pollution And remember this: When you join | ENGINEER TRAINING PROGRAM | 
control program needs competent water Lockheed, your way of life improves as | Mr. M. V. Mattson, Employment Mer. | 
pollution control engineers. Information is ell me wale | pear se , : i 
available from the California State Per- | a os ’ j St. cos | 
sonnel Board, 1015 L Street, Sacramento, Living conditions are better in South- | | 
Calif. ern California. The climate is beyond 

pear « the Army. | ry ern compare: Golf, fishing, motoring, patio | Ajreraft Corporation | 
ment 0 engineering opportunitie Sin Alas a, life at home can be yours the year round. | ; | 
Puerto Rico, Japan, Okinawa, and Austria, ‘ | Burbank, California | 
is made by the Department of the Army And your high Lockheed salary enables | 
Positions include engineering draftsman, at you to enjoy life to the full. | Dear Sir: 
$3,410-$4,205 per year; civil engineers, at : 

% - . : naa : _ . " Please send me your brochure describ- 
$3,410-$7,040 per year; hydraulic engineers, Note to Men with Families: Housing con- hantlisaaiesman aan 
at $4,205 per year; construction engineers, ditions are excellent in the Los Angeles | 
at $4,205-$5,940 per year; s ‘tural engi- . 
ee Pe Par, Se a area. More than 35,000 rental units are | | 
neers, at $3,410-$5,940 per year; construc- : | wre 
tion management engineers, at $4,205 available. Thousands of homes for own- My Name | 
$8,360 per year; and others. Complete in- ership have been built since World War | | 
formation may be obtained from the New TT. Huse tract , der rust | Wy Field of Encineeri 
Fork District of the Corps of Hagincers, De- 3 ge tracts are under construction My Field of Engineering | 
partment of the Army, 80 Lafayette Street, near Lockheed. l 
New York, N.Y., Attention: Mrs. Stern- . > 
licht + senenatir ‘egg ee Send today for illustrated brochure de- | My Street Address | 

- eed ¢ Prefecsione! B scribing life and work at Lockheed in ; 

innesota Society o ofession ngi- . . we 
neers. The Minnesota Society of Profes- Southern California. Use handy coupon | My City and State | 
(Continued on page 134) | at right. lcentnininaiteinenmniieiaaeinieitetina 
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Puyjdlon River crossing 
ebutment supporting 
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bridge. Cylinders were 
battered 1:6 both lon- 
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versally with bridge 
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AVENUE NEW YORK 16 











EXPLORATION 
Mining 
Oil Structure 


Water Supply 


GEOPHYSICS 


Dam and Foundation 


studies 
Excavation estimates 
Map sulphide ore deposits 
Placer and bed-rock map- 
ping 
Structural contouring 
1 world-wide s¢ we using latest 


seiamic gravity, magnetic and 


electrical methods 


INTERNATIONAL 
GEOPHYSICS Inc. 


J. J. Jakosky, President 

1063 Gayley Avenue 

Los Angeles 24, Calif 
Established 1928 








Precast concrete con- 


duit and _ precast 
underground splice 
boxes, transformer 


vaults and lamp post 
boxes were used in 
the 


the New Jersey Turn- 


construction of 


pike. 


PRECAST INC. 
CONCRETE CONDUIT CORP. 


130-01 No. Boulevard 
Corona, N. Y. 


Manufacturers of precast concrete 
units for the underground systems of 
Consolidated Edison, Long Island 
Lighting, New York Telephone Co. and 


other New York State public Utilities. 
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(Continued from page 133) 


sional Engineers is seeking a state executjy 
secretary, at a starting yearly salary 

$4,200-$5,000 depending upon experienc 
Applicant must be a college graduate wy 
experience adaptable to the duties of ty 
position. Duties include the administratig 
of the Society with responsibility for keepin 
all records, compiling reports on activitig 
and supervising clerical assistant. Addre 
inquiries to the Minnesota Society of Py 
fessional Engineers, Executive Committ. 
1000 Guardian Building, St. Paul 1, Mim 
before January 15 


U.S. Civil Service Commission. A 
nouncement of an examination for th 
positions of Cartographer and Cartograph 
Aid, with yearly salaries ranging frog 
$2,200-$7,600, and for Cartographic Draft 
man, with yearly salary from $2,200-$3,89: 
is made bythe U.S. Civil Service Commissigr 
The positions are located in Washingt 
D.C., and its vicinity. Full information ané 
application forms may be secured from loc 
post offices, regional civil service offices, « 
the U.S. Civil Service Commission, Wash 
ington 25, D.C 





Non-ASCE Meetings 





American Institute of Electrical Engineen 
Headquarters for the winter general meeting of th 
American Institute of Electrical Engineers will be 
the Hotel Statler, New York City, January 21-2 


American Road Builders’ Association. The 5) 
anniversary meeting of the American Road Builder 
Association will be held at the Rice Hotel in Hos 
ton, Tex., January 21-24 


American Society of Heating and Ventilating Eo- 
gineers. A symposium on the control of industrie 
atmospheres will be presented at the 58th annu 
American Society of Heating an 
Ventilating Engineers at the Statler and Jefferso: 
hotels, St. Louis, Mo 


meeting of the 
January 28-30 


American Society for Metals. Aspects of str 
tegic metal conservation and substitution will bk 
discussed at the midwinter technical meeting of th 
American Society for Metals at the William Pem 
Hotel, Pittsburgh, Pa, January 31 and February 


Associated Equipment Distributors. Headquar 
ters for the 33rd annual convention of Associate 
Equipment Distributors will be the Conrad Hiltor 
Hotel, Chicago, Ill., January 27-31. 


California Conference on Street and Highway 
Problems. The Fourth California Conference o 
Street and Highway Problems will take place at th 
University of California, Los Angeles, February 6-4 
under sponsorship of the university's Institute? 
Transportation and Traffic Engineering 


Highway Research Board. The annual meeting 
of the Highway Research Board of the Nation 
Research Council will take place in the building o 
the National Academy of Sciences and the Na 
tional Research Council, Washington, D.C, Jane 
ary 15-18 


Plant Maintenance Conference and Exposition 
The Plant Maintenance Conference and Exposition 
will be conducted simultaneously in Convention 
Hall, Philadelphia, Pa., January 14-17 


Society of Automotive Engineers, Inc The 
annual meeting of the Society of Automotive Eng 
neers, Inc., is scheduled for the Hotel Book-C adillat 
Detroit, Mich., January 14-18 
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Continued from page 130) 

Milo Pitcher Fox (M. '42) with the Corps 
# Engineers at Galveston, Tex., died on 
july 21, at the age of 64. During his career 
sith the Corps Mr. Fox had been district 
agineer at Wilmington, N.C., Huntington, 
W.Va., Galveston, Tex., and Portland, 
reg He later became assistant to the 


¥chief of Engineers on river and harbor work; 


esident member on the Board of Engineers 
ior Rivers and Harbors; and assistant to the 
gesident and secretary of the Mississippi 
River Commission. He was educated at the 
S Military Academy. 


George Sherman Frost ( Assoc. M. '03) re- 
red engineer of Philadelphia, Pa., died on 
‘tober 25. His age was78. Mr. Frost had 
xen engaged by Naughton & Co., the New 
York Telephone Co., and the Rapid Transit 
Commission and Public Service Commission 
# New York. Later he was with the Phila- 
iphia Bureau of Water, Eastern Clay 
Products Association, and the City Depart 
sent of Transit in Philadelphia. He was a 
gaduate of the University of Maine 


Satya Sadhan Ghosh ( Assoc. M.'49) since 
44 assistant inspecting officer for the De- 
atment of Industry and Supply, Govern- 
nent of India, at Calcutta, died on March 
according to word just received at Society 
He was 39 and a graduate of 
Rengal Engineering College. He entered the 
mploy of the Government of India at 
1940, becoming examiner of 


Jeadquarters. 


latanagar in 
tores (structural) and assistant inspecting 
ficer in Calcutta 


Louis Carl Grossmann (Assoc. M. '39) for 
number of years project engineer for the 
federal Public Housing Authority, at North 
Vilmington, Mass., died on September 30, 
it the age of 66. Mr. Grossmann began his 
areer with Clinton J. Warren, Boston, 
Mass., architect. From 1908 to 1915 he was 
rth Norcross Bros. at Worcester, and later 
vas assistant district engineer in charge of 
ublic buildings in New England. He re- 
tived his engineering training at North- 
astern, Massachusetts, and Wisconsin uni- 
ersities 


Edgar Augustus Groves (M. '24) retired 
ngineer of New York, N.Y., died on Nov- 
mber 25. His age was 69. Born in Bir- 
ningkam, England, Mr. Groves spent his 
arly career in England, coming to the 
nited States in 1905. He was successively 
hief engineer and manager for the Mason & 
Hanger Co., Arthur A. Johnson Corp., and 
Moranti & Raymond, all New York con- 
tractors. From 1935 to 1943 he was 
manager of the Staten Island, Manhattan, 
id Queens districts of the Federal Works 
Agency and was supervising engineer for the 
Defense Plant Corp. in Pittsburgh from 
143 until his retirement in 1948. He 
tudied engineering at Birmingham Uni- 
versity. 

(Continued on page 138) 
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ELWYN E. SEELYE 
Seelye, Stevenson, Value and Knecht 


voumet DESIGN 


New Second Edition 
Furnishes the engineer with sufficient 
data so that he can design any civil 
engineering work without other refer- 
ence books. One of the most useful 
improvements in this new edition is the 
great number of ‘‘push-button’’ solu- 
tions ‘made available through increase 
in the size of tables and in other ways. 
New data includes material on soil 
mechanics, airfield design, highway de- 
sign and a great deal of other important 
matter. 


1951 $10.00 


521 pages 


Volume Il 


SPECIFICATIONS 
and COSTS 


New Second Edition 

Includes sample specifications for nearly 
every type of building and heavy con- 
struction. The engineer can use the 
contract and specification forms almost 
verbatim to do a complete job of con- 
tract and specification writing, begin- 
ning with standard invitations and 
proposals and ending with the final 
item of cleaning up the site. The ex- 
clusive new sdbelbidine cost feature 
(keyed to the monthly Engineering News 
Record cost index) will keep this edi- 
tion always up-to-date. 


1951 506 pages $13.00 
Volume it FIELD PRACTICE 
1947 306 pages $5.00 
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315 Camp Street, 
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Please reserve for my occupancy the following hotel accommodation: 


Double 


Double—twin beds 
Other 


Date and hour of arrival 


Date of departure............. 


Single 
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(Continued from page 103) 
surface, would open up joints enough to 
cause leakage. 

While my article and sketch did not 
discuss detailed design, I think sufficient 
steel reinforcement, properly placed, in 
the buttress walls could reduce the down- 
stream deflection enough to prevent such 
leakage without necessitating extensive 
up-and-down reinforcement in the curved 
slab. If the de 


considered necessary, 
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vice can be used of inserting into the joints 
folded strips of non-corrosive sheet metal 
bonded into the concrete above and be- 
low the joint. This type of device has 
been used. The principal reinforcement 
in the slab should of course be designed 
to transmit the load and pressure from 
the slab to the buttress walls by either 
simple or continuous beam action 

It might be advisable in many cases to 
make comparative designs and estimates 
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of both the slab and the multiple-arch 
methods of carrying the loads to the but. 
tresses. 

It would probably be advisable to use 
reinforced concrete connectors between 
the buttress walls and some of these 
could be utilized to help support forms 
for the slab. 

Mr. Schmidt's discussion of problems 
encountered where the dam foundation 
is on “limestone or other cavernous 
rock"’ is very interesting. If leakage 
from such cavities is very extensive it 
would seem to indicate an ineffective ex. 
ploration of the foundation rock. The 
mere presence of apparently good ‘‘bed- 
rock” at the stream bed is not necessarily 
a guarantee of a good foundation, as 
evidenced by the two Austin dam fail- 
ures, one in Texas and the other in Penn- 
sylvania. 

If leaks from such cavities are not very 
great, perhaps the buttress-type dam 
would not involve any more difficulty or 
expense in repair than the gravity type. 
My experience in the construction of 
many successful cofferdams leads me to 
think that unless the tailwater below the 
buttress dam is very deep, it would not 
be too difficult to construct a cofferdam 
against the edges of the buttresses of 
one or more of the bays or compartments 
between the buttresses. Then, after 
pumping out, the drilling and grouting 

equipment could be installed and oper- 
ated at locations within 20 or 30 ft of the 
back of the cutoff wall, very probably 
giving better results in stopping the leaks 
than would be obtained by drilling down 
through the full height of a gravity dam. 

In my article in the June issue, there 
was no intention to limit the upper and 
lower slopes of the dam to 60 and 30 deg 
respectively. Those were merely the 
slopes used in the illustrative sketch. 


Horace P. BOARDMAN, M. ASCE 
Consulting Civil Engineer 
Reno, Nev 


Brazilian Underground Power 


Station Not World's Largest 


To THE Eprror: In the process of ar- 
ranging the editorial makeup for the sec- 
ond part of the story on the Paraiba- 
Pirai hydroelectric development in Brazil 
(CiviL ENGINEERING, November, pp. 46- 
50) by the writer, Franklin T. Matthias, 
and George O. \Vogan, a special title was 
introduced which lays claim to ‘‘the 
world’s largest underground power sta- 
tion.”’ 

Unfortunately 
of” were omitted. 
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The ancient engineers did know the 1834 the British Government framed a 
the but.fjgnd or Italy about this. The Kemano magnitude of the forces of nature in their piece of well-meant but misguided legisla- 
ynderground project in British Columbia, own environment. The author himself, tion and abolished the rajakartya or 
referring to the Pandawewa Reservoir, ‘‘duty labor’’ system by means of which 
says that “‘the height to which the floods irrigation works had been maintained. 
f these would rise over the rock [spillway] had After this legislation was enacted, the 
forins Apoipu J. ACKERMAN, M. ASCE been correctly estimated.’’ The existence disintegration of the remaining works 
( for the authors) of several tanks which have functioned went on apace until a succession of famines 

oblems | Mankato, Minn. continuously since their construction, in the north central province opened the 
should make us look for circumstances eyes of the rulers to their responsibilities. 


ple-arch you hear from Canada, Sweden, Switzer- 


to use | pow under construction, will undoubtedly 
et ween | hold this record for a long time. 


dation 

ernous other than faulty design to explain the 

eakage ruin of these works. H. pE S. MANAMPERI 

sive it It is my belief that the waves of inva- (Irrigation Engineer, 

ive ex sion from India, from Portugal, from Government of Ceylon) 
The Effect of Horizontal Holland and finally from Britain, were State University of Iowa 

“bed- responsible for their destruction. In Jowa City, lowa 

sarily | Earthquake Shock on Dams 

mm, as 

1 fail To tHe Eprror: The article, “Hy 





Penn drodynamic Pressure Due to Horizontal 
| Earthquake Shock Computed by Curves,”’ 
— by Ven Te Chow in the September 1951 
dam jssue, is interesting and may do much to 
ty or stimulate further discussion toward the 
* | solution of a challenging problem. 
=< Unfortunately the method overlooks 
a basic hydrodynamic principle. Since 
a the face of a dam is a streamline and no 
no 





ty pe. 


water can escape across it, the velocity of 
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Deceased 

(Continued from page 135) 
Willard Adams Guild 

railroad engineer of Topeka, Kans., 

August 30, at the age of 73 

tion from Washburn College 

Guild entered the employ of the Atchison 


(M. ‘'21) retired 
died on 
After gradua 


in 1902 Mr 


Topeka & Santa 
Madison, lowa 
with the 


Fe Railway, at Fort 
He spent his entire career 
railroad, serving in various engi 
neering capacities including division engi 
neer, district engineer, and assistant chief 
engineer 


Jack Arthur Haine (M 
the United Water 


"hO) 


engineer for 
District, 


Conservation 








it Santa Paula, Calif., died on October 20, 
it the age of 46. Mr. Haine was first con- 
nected with the Water Department of Los 
Angeles, Calif.; the City of Santa Monica, 
Calif.; and Kreutzer Aircraft Co., at Venice, 
Calif. Later he joined the U.S. Bureau of 
Reclamation, serving successively as ma 
terials engineer, at Buelah, Oreg., and as 
sistant engineer, associate engineer, and en- 
He also worked for 
Acueducto Municipal in Bogota, Colombia, 
South America. He attended the University 
of California 


Gene William Hall (M. '45) civil engineer 
und partner in the New York engineering 


gineer at Denver, Colo 
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’ LACLEDE STEEL COMPANY 


of Laclede quality steels for construction. 








firm of Parsons, Brinckerhoff, Hall & Ma, 
donald, died on November 30 


=" 
oe) 


His age wa 
General Hall spent most of his caree 
with Parsons, Brinckerhoff, Hall & Ma 
donald and its predecessor organization 
becoming partner in the firm in 1938. Fro 
1936 to 1938 he was consultant to Gen. Br 
hon Somervell in the remodeling of Fop 
Schuyler into the New York State Me 
chant Marine Academy. During the secon 
World War he served the Army Corps q 
in the Caribbean Chin 
India-Burma theatres 


Engineers and 


William McLaurine Hall (M. '93) retire 
civil engineer of Parkersburg, W.Va., die 
on November 25. He was 91. Mr. Hall 
early experience included werk for sever, 
New York and Pennsylvani 
and the New Croton Aqueduct development 
In 1893 he became connected with U.S. Ep 
gineers serving them until his retirement i 
1932. He graduated from the U.S. Military 
Academy and received an honorary doctor of 
from Marietta 


railroads in 


science degree College WW 


1947 


William Sherman Hewett (M. '09) re 
tired structural engineer of Evanston, III 
died on November 20, at the age of 87 
Mr. Hewett began his career with S. M 
Hewett, bridge engineer of Minneapolis 
Minn. From 1897 to 1921 he was president 
and engineer for the Security Bridge Co., at 
Minneapolis. He then 
structural engineering concern, practicing 
for many years in Chicago, III. 


established his 


William Ambrose Kinsey (M. '19) con- 
sulting and contracting engineer of Newark, 
N.J., died on October 29, at the age of 79 
From 1893 to 1908 Mr. Kinsey was affiliated 
with the Hedden Iron Co. He then formed 
his own consulting and contracting engineer- 
ing business in Newark, where he practiced 
for many years 


Julius Stephen Kunkel (Assoc. M. '11) re- 
tired engineer of Tampico, Mexico, died on 
October 31. His age was 69. At the start 
of his career Mr. Kunkel worked for the 
Mexican Central, the Interoceanic, and 
Vera Cruz & Pacific railways. He was later 
connected with the Huasteca Petroleum Co., 
at Tampico. He attended the University of 


Kansas 


William Wallace Laxton (Assoc. M. '25) 
engineer for the Corps of Engineers, at Port 
land, Oreg., died on September 29. He was 
61. Mr. Laxton did general construction in 
his early career. In 1929 he became field 
inspector for the Army Corps of Engineers 
in Portland, Oreg., later serving as assistant 
engineer, supervising engineer, and associate 
engineer on Bonneville Dam. 


Edgar Darwin Martin (M. '09) architect 
and engineer of Chicago, IIl., died on Sep- 
tember 17, at the age of 80. Mr. Martin was 
a partner in the firm of Schmidt, Garden & 
Martin, Chicago, from 1906 to 1923. He 
was then engaged by the State of Illinois 
and the Chicago Board of Education and 
later became a member of the firm of Pond, 
Pond, Martin & Llovd. 
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& Ma Edward Bromley Mayer (M. '3t)) for some OF 488 ENGI N e E RS, DRAFTSMEN, 

age wadime engineer for the Los Angeles Depart- 

S Careegent of Water and Power, Los Angeles, Cc 

& Ma ral , died on April 5, according to word just AR HITECTS, PU RCHASING AGENTS 

ZAtionspeceived at Society Headquarters. His age 
Frompas 60. Mr. Mayer was previously asso 

en. Br pated with the Bureau of Water Works and 


f Fo, kupply in Los Angeles, serving as engineer e 
€ Merfs charge of the water cost division and 
 Secon(pyecutive assistant to the general manager 
Orps ahad chief engineer oO e 
Chir 
Justin Nicolet (Assoc. M. '29) structural 


engineer for the Department of Subways 


dies ("YS und Superhighways, Chicago, IIl., died ms 

, t - . 

Hall’: {™ October 22, at the age of 60 Mr Nico The New R 
"let had been designing engineer for the Sin 

se Ver . " fag 

. clair Refining Co., estimating engineer for 


the U.S. Gypsum Co., and civil engineer for 






31 D. Timons, Inc., and the Harza Engi- 4 e f - 
ent eeTINng Co In 1937 he joined the City of more un m an e encli S 
ilit Chicago Department of Subways and Super 

ary 
tora highways I, L, : / 
ge 

m™ _they were then using . 
Frederick Pitzman ( M. '27) president and = 

' hief engineer of Pitzman’s Company of - 

he Surveyors and Engineers, at St. Louis, Mo., ne Last year, we asked 488 drawing pencil 
*  Idied on N ber 17. H is 61. M . ! 
t 87 oe oe , ie = users—a representative cross-section— 

Pitzman had been engaged in engineering a 

~ wd surveying work at Scott Aviation Field < to test 3 MICROTOMICs (of any 
polis I versit ] : ; ste ans _ : E : 
ident ("4 a, Ste SD CUR. Hat. c degree of their choice) against 3 other 

* land Fort Sill, Okla., and for some time was Ww 
“+ & lin private practice in St. Louis el drawing pencils of the same degree. 

his al 
icing 


459 (94% of those who made the test) 
found MICROTOMIC grading definitely 
“more uniform" by unbiased comparison. 


Edward Leo Price (M. '43) with Francisco 
& Jacobus, at Richmond, Va., died on 
con- August 8, at the age of 53. Mr. Price had 
ark, [been engineering assistant and inspector for 
[79 ithe City Engineering Department of 
ated | Charleston, S.C.; assistant engineer for the 
med [Port Utilities Commission, at Charleston; 


In fact, about a month later, 185 said 
they were already using MICROTOMICs . 
and another I99 said their next drawing 
pencil order would be for MICROTOMICs. 





eer- Jand engineer for several architectural and 
iced Jengineering firms in Charleston and New 
York City. He later served as resident engi- 
neer for the Public Works Administration, 


" * 

' senior civil engineer for the Corps of Engi- * : 

re . . ‘ « Siar» i 
~~ neers, and marine engineer for the Charles sg, GS fom §@ Ti the 

OF T ton Shipbuilding and Dry Dock Co s 8 ww 8 
Lart 

the . t t Ht 
ind - ; agains tes yourse 
ter Clyde Charles Pugh (M. °45) since 1935 

‘o assistant engineer for the Hazel-Atlas Glass 


of | Co., at Wheeling, W. Va., died on November 
6. He was 60. Upon his graduation from 
West Virginia University in 1912, Mr. Pugh 
entered the employ of the Wheeling (W.Va 

™ Traction Co. He was subsequently assistant 
engineer for the West Virginia Traction and 
Electric Co.; engineer and vice-president for 
i the C. B. Kimberly Co.; and engineer with 
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Edward Peter Shuman (M. '()7) of Allen 
ct town, Pa., died on August 9. His age was 
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& Michigan, Lake Superior Power Co., and 5 ~ NAME 
e the Algoma Central Railroad He did a" . FIRM ans 
is sanitary engineering and public improve > 
d ment work for the government in the ow e STREET 
4 Philippine Islands for a number of years = e CITY 
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when line feathers make 


the feathers fly. ” 


.-. Switch to Arkwright Tracing Cloth! You can re-ink 
clean, sharp lines over any erasure without 


“feathering” or “blobbing” to spoil your work. 


Painstaking Arkwright inspection guards 
your drawings against pinholes, thick threads or other 
imperfections—Arkwright quality insures them 
against brittleness, opaqueness, or paper-fraying due to 
age. That is why Arkwright Tracing Cloth takes 
clean, sharp drawings that yield clear, sharp 


blueprints years after you make them. 


Remember: if your work is worth saving, put 
it on Arkwright Tracing Cloth. Would you like a sample? 
Write Arkwright Finishing Co., 
Industrial Trust Bldg., 





Providence, R. I. 


AMERICA’S STANDAR 





| Deceased 


(Continued from page 139) 


Frank Charles Starr (M. '20) constructioy 
specialist in the Office of the Housing Expe. 
diter, at Lexington, Mass., died on June 1] 
at the age of 70. Earlier in his career Mr 
Starr taught civil engineering at Massachy 
setts Institute of Technology, his alm 
mater, and George Washington University 
For some time he was a member of the firm 
of Mechlin & Starr in Washington, D.C 


NEWS OF 
ENGINEERS 





William W. Wanamaker, brigadier gen. 
eral, U.S. Army (retired), has resigned as 
executive director of the New Jersey Turn 
pike Authority to accept an appointment as 
chief engineer of the Orinoco Mining Com- 
pany, a Venezuelan iron ore mining sub- 
sidiary of the U.S. Steel Corporation. A 
graduate of West 
Point in 1918, Gen- 
eral Wanamaker has 
been U.S. district 
engineer for several 
districts of the Corps 
of Engineers in charge 
of construction ac 
tivities. During the 
recent war he served 
as chief transporta 
tion officer in the 
Southwest Pacific in 
General Wanamaker charge of operation 

of all shipping and 
port operations during the New Guinea 
and Philippine campaigns, receiving the 
Distinguished Service Medal, the Legion of 
Merit, and the Bronze Star with V. He re- 
tired from active service in November 1949 
to become executive director of the New 
Jersey Turnpike. 





Philip C. Rutledge, since 1946 chairman 
of the civil engineering department of the 
Technological Insti- 
tute at Northwestern 
University, joined 
the New York City 
consulting engineer- 
ing firm of Moran, 
Proctor, Freeman & 


as a partner. The 
firm name is being 
changed to Moran, 
Proctor, Mueser & 
Rutledge. George L 
Philip C. Rutledge Freeman retired from 
the firm in May 1951 
Professor Rutledge, who is chairman of the 
ASCE Soil Mechanics and Foundations Di- 
vision, will remain on the Northwestern 
University staff until June. 





David Anderson, member of the London 
civil engineering firm of Mott, Hay & 
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Anderson, was recently knighted by King 
George VI. Sir David has just attained life 
membership in ASCE. 


Haywood G. Dewey, executive officer of 
the 32nd Engineer Construction Group, 
stationed in Korea, has been promoted from 

the rank of major to 


that of lieutenant 
colonel In World 
War II Colonel Dewey 
served as assist- 


Division 
Corps of 


ant to the 
Engineer, 
Engineers, Lower 
Mississippi Valley 
Division. At the 
time of his recall to 
active duty in August 
1950, he was hydrau- 
Colonel Dewey lic engineer in the 
Jackson, Miss., 
office of the U.S. Waterways Experiment 
Station, and secretary-treasurer of the Mid- 
South Section of the Society and president 
of its Jackson Branch. 


sub- 


George M. Foster, of East Lansing, 
Mich., has been appointed chief deputy 
commissioner of the Michigan State High- 
way Department. Except for a ten-year 
period in private practice, Mr. Foster has 
been with the department since 1922—most 
recently as bridge engineer 


George M. Tapley is now hydroelectric 
engineer for Knappen-Tippetts-Abbett-Mc- 
Carthy, New York engineers. He will be 
stationed in Rangoon, Burma, in charge of 
making an economic and technical survey of 
the resources of the country. Until re- 
cently Mr. Tapley was chief of the Engineer- 
ing Division of the Alaska Road Division at 
Juneau, Alaska 


Harland Bartholomew, head of Harland 
Bartholomew and Associates, city planners, 
landscape architects, and civil engineers of 
St. Louis, Mo., announces the opening of a 
Southeastern office at 101 Marietta Street 
Building, Atlanta, Ga. The new office will 
be under the direction of Charles P. Clayton. 


William H. Correale is now with Moran, 
Proctor, Freeman & Mueser, of New York 
City, as resident engineer on construction of 
a $4,000,000 industrial plant at Archbald, 
Pa. Mr. Correale was formerly project 
engineer for Knappen-Tippetts-Abbett-Mc 
Carthy, New York engineers 


Walter H. Price has been named head of 
the Bureau of Reclamation’s Engineering 
Denver, Colo. On the 
Reclamation since 


Laboratories at 
staff of the Bureau of 
1930, Mr. Price has recently been serving as 
head of the Materials Laboratories. In his 
new capacity he succeeds Robert F. Blanks, 
who resigned to accept the position of vice- 
Great Western 


president for Aggregates, 


Inc., of Denver 


Robert G. Macdonald, lieutenant colonel, 
Corps of Engineers, has been made post 
engineer at the Utah General Depot, Ogden, 
Utah 


Perry L. Grammer is now civil engineer 
(Continued on page 142) 
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No other Instrument gives you 


| 0 MUCH 


oTIcE the leveling screws on 
N the instrument leveling head 
above. See how they are always 
totally enclosed — regardless of 
their position “in” or “out”. This 
means all dust and dirt are sealed 
out — their precision sealed in. 
This is just one of the many 
extra protective refinements, extra 
features that guarantee you extra- 
long life and super precision re- 
sults with David White Instru- 
ments, There are other things too 
—the waterproof compass box, 
the overall weatherproof morocco 
finish—coated optics—hand-fitted, 
anti-friction, virgin hard, bell met- 
al centers—plus the David White 
improved engraved plate levels 
with counter adjusting springs. 
Yes, for instruments that guar- 
antee you the extra in precision and 


We offer the most 
expert Repair Service 
— on all makes of 
Instruments. 


PROTECTION! 


‘ 
» 
(4 






long life you want — it’s David 
White . . . makers of finest qual- 
ity instruments for over 40 years. 
For detailed information about the 
complete David White line of 
Transits, Universal Level Transits, 
Levels, Theodolites and engineer- 
ing supplies, write today for Cata- 
log No. 1048. 


359 West Court St. 
Milwaukee 12, Wis. 
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e CIRCULAR CLARIFIERS-THICKENERS 




















Hardinge Circular Clarifiers for water treatment are available in sizes up to 200° diameter, 


either center-column or beam-supported for steel, concrete, wood or tile tanks: 
35=C=37. 


Bulletin 


Hardinge Thickeners for removal of fine suspended solids from supply water, and sewage, are 


similiar 


scraper breakage. 


to the Clarifiers but of heavier construction. 
Bulletin 31-D-37. 


“Auto-Raise” 


mechanism prevents 


e AUTOMATIC BACKWASH 


RAPID SAND FILTERS 





For high removal of non-settling or slow-settling suspended matter. 


No shutdown necessary for back washing. 


Especially suited for limited spaces or where 


Bulletin 46-37. 





Self -cleaning sand bed. 


e RECTANGULAR CLARIFIERS 





G 


Bulletin 35-C-37. 


Highly efficient Rotary Dryers in seven types. 
sewage and sludge. 


e ROTARY SLUDGE 








Bulletin 16-D-37. 








Model XH ideal for dehydration of garbage, 


2 es ae re a - 


COMPANY, 


INCORPORATED 





YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


NEW YORK 17 @ SAN FRANCISCO II @ CHICAGO 6 @ HIBBING, MINN. @ TORONTO 1 | 


122 E. 42nd St. 205 W. Wacker Dr. 


24 California St. 
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2016 First Ave. 


200 Bay St. 








News of Engineers 

(Continued from page 141) 

and party chief with the Tennessee Valley 
Authority at Boone Dam near Johnson 
City, Tenn 


Edward Lindskog, licutenant, U.S. Army 
Air Force, has been assigned as an inspector 
at Tullahoma, Tenn. He was formerly in 
the Los Angeles Department of Building 
and Safety 


Burnside R. Value, of the New York City 
civil engineering firm of Seelye, Value & 
Stevenson, was recently elected vice-presi 
dent of the New York Association of Con 
sulting Engineers 


Robert K. Sawyer has been appointed 
managing director in the new Philadelphia 
city administration by the mayor-elect 
His new duties will include appointing heads 
for many of the city departments. In filling 
posts requiring high civil engineering ex 
perience, he will have the advice of a com 
mittee of Philadelphia Section members 
headed by Thomas Buckley. Colonel Saw 
yer Was previously executive director of the 
Greater Philadelphia Movement. 

Curtis Chester Harlin, Jr., has been 
named Humble Oil & Refining Company 
fellow in civil engineering for the 1951-1952 
term at the Agricul- 
tural and Mechanical 
College of Texas. 
The fellowship is one 
of several offered by 
the company to pro- 
mote advanced study 
in engineering and 
science. Mr. Harlin 
received his B.S. de- 
gree in civil engineer- 
ing from Texas A & M 
in February 1950, 
Curtis C. Harlin, Jr. and later was em- 

ployed in the Engi- 
neering Department of the City of Abilene. 
As a student he was active in the Society's 
Student Chapter. 





Theodor von Karman, director of the sci 
entific advisory board of the U.S. Air Force 
and honorary professor of mechanical engi- 
neering at Columbia University, has been 
given a Fulbright Award to lecture in fluid 
mechanics at the University of Paris during 
the current academic year. An interna 
tionally known authority in the field of 
aerodynamics, Dr. von Karman was made 
an Honorary Member of ASCE in January 
1950 


H. L. Hudson is now chief field supervisor 
for the Detroit firm of Giffels & Vallet, Inc., 
at Oak Ridge, Tenn. 


Thomas K. Breitfuss has become con- 
nected with the American Concrete Pipe 
Association, Chicago, Ill., as assistant to 
Howard F. Peckworth, managing director 
A veteran of World War II, with overseas 
duty with the 12th Armored Division in 
Europe, Mr. Breitfuss was until recently in 
the Sewage Engineering Department of the 
Chicago Pump Company. He is junior 
treasurer of the Illinois Section of the 
Society. 

(Continued on page 144) 
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CEMENT GUN COMPANY BUILDS 
DURABLE “GUNITE” COAL BUNKER 


Reinforced ‘‘GUNITE” for lining steel coal 
bunkers is universally accepted as best for 
this purpose. Many of our ‘“GUNITE” coal 
bunker linings have been in service for 
more than a quarter of a century and are 
still effectively protecting the steel from the 
destructive chemicals inherent in the coal. 
Practically all new coal bunkers today are 
lined with ‘\GUNITE” and many old ones 
are strengthened and restored to years of 
useful service. Photo shows a coal bunker 


in Minnesota which we “GUNITED” in 
1914. A recent inspection proved it to be 
in excellent condition. ‘“SGUNITE” was 
applied to a thickness of 22” over reinforc- 
ing mesh tied to rods. 


Contact us for help on jour construction 
and repair requirements. Write for free 
Bulletin B2400, illustrating and describing 
a wide variety of ‘“GUNITE” jobs we have 
performed for many industries. 


MANUFACTURERS 


EMENT GUNCOMPANY ~~": 


"GUNITE CONTRACTORS 


CEMENT GUN 


CENERAL OFFICES ~ ALLENTOWN, PENNA USA 





ground condition encountered and more economically than any 
method of tunneling known. When steel is required on a tunnel 


job—engineers should specify “Commercial.” 


THE COMMERCIAL SHEARING & STAMPING C 


COMMERCIAL 
TUNNEL SUPPORTS 


Commercial Liner Supports are designed to cope with any 





YOUNGSTOWN 1, 
OHIO 
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News of Engineers 
(Continued from page 142) 

John D. Fitch has accepted engagement 
with Ebasco Services Incorporated, of New 
York, as a consulting 
engineering specialist 
on economic analyses, 
investigations, and 
engineering problems 
connected with  fi- 
nancing. For the 
past nine years Mr 
Fitch has been princi- 
pal engineer and chief 
of the Engineering 
Division for the Ex- 
port Import Bank, 
Washington, D.C 
In 1947 he served on 
a temporary assignment as the engineering 
member of the American Economic Mission 





John D. Fitch 


to Greece 

Dean Beaumont, formerly junior civil 
engineer for the State Division of Water 
Resources, at Sacramento, Calif., has be- 
come assistant civil engineer in the survey 
section of the State Division of Architecture 


Sidney N. Weniger and Thomas J. Sette 
announce the formation of a construction 
corporation under the name of Weniger & 
Sette. Headquarters of the organization, 
which will specialize in engineering, con- 
tracting, and concrete construction, will be 
East Williston, N.Y. Mr. Sette was for- 
merly with the Rizzi Construction Co., Inc., 
of New York City. 


Raymond E. Layton, previously 
civil engineer for the East Bay Municipal 
Utility District at Oakland, Calif., has 
established a consulting practice at Castro 


Valley, Calif. 


senior 


Joseph D. Lewin has resigned as engineer 
for the New York City Board of Water 
Supply to accept a position with Knappen- 
Tippetts-Abbett-McCarthy, of New York, 
in Athens, where he will complete 
designs for a Marshall Plan irrigation project 
for the Greek government. 


Greece, 


Gordon Long, previously senior engineer 
for the California State Division of High- 
ways and Water Resources at Sacramento, 
has been recalled to active duty as a major 
in the Corps of Engineers, with headquarters 
in Sacramento. 


Roger R. Robertson has retired as engi- 
neer, for the U.S. Bu- 
reau of Reclamation 
after{37 years of serv- 
ice He has 
with the Bureau since 
1914—for the past 
eleven years on the 
Columbia Basin 
Project at Ephrata, 
Wash. In his early 
career Mr. Robertson 
was engaged on powcr 
development for the 
Colorado Power Co., 
in Colorado, and for 
& Webster, of Boston, on the Big 
Creek development in California. 
(Continued on page 146) 
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Roger R. Robertson 


Stone 
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oy oe CEMENT PRODUCTS COMPANY 


Our job included construction of a bridge crossing 
the yard and main line tracks of the West Shore 
Division of the New York Central Railroad and the Manufacturers of 
New York Susquehanna and Western Railroad in the 


vicinity of Ridgefield, New Jersey. POROSWALL DRAIN PIPE 


The structure, consisting of 36” WF beams sup- 
ported on concrete piers of the “Tombstone” type, 


is approximately 1100’ in length; the piers are founded A Porous Concrete Pipe Used 
upon cast-in-place concrete piles ranging in length 

from 100 to 165’, driven by the Raymond Concrete Exclusively for Underdrains By 
Pile Company. Work was commenced in October 

1950. 


THE NEW JERSEY TURNPIKE 


The accuracy with which the work was planned by 
the Designing Engineers, is worthy of comment and is evi- 


died ty Oe Gun eqnienes 2 eae eae AVAILABLE FOR IMMEDIATE DELIVERY 


with those expected and set forth in the Invitation for 
Bids. 


STOCK CONSTRUCTION CORP. Route 6 Little Ferry, N. J. 
Grand Central Terminal Diamond 2-2543 


New York, N. Y. 
















































For Concrete @-\0)8'7-\ @ STEPS UP COLD WEATHER SCHEDULES 
_ 
Construction... Yexeaseaaniagy — REDUCES COST 's:2.°si2 cS 


concrete construction—and its effect 
on Portland Cement. You can step up cold weather 
schedules and reduce costs . . . lengthen the pouring 
ee day . . . cut costly protection time in half... reduce 
ER -* : or eliminate overtime finishing with the addition of 
Solvay Calcium Chloride to your concrete mix. For 
details, send for “The Effects of Calcium Chloride on 
Portland Cement,” a 40-page semi-technical book— 
the result of research conducted by nationally recog- 
nized authorities, giving details of carefully controlled 
tests made in the field and in the laboratory. 


BOOK AVAILABLE ON REQUEST—For oe 
your copy of ‘‘The Effects of Calcium Chlor- | . 
j F ti 
} 


re 
~ 
a 
AY 


“ean see 


ix 


M) 
-# 


ide on Portland Cement,”’ fill in and mail 
this coupon today—there’s no obligation. 
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memes ese ee , 3 

SOLVAY SALES DIVISION rf 

‘ Allied Chemical & Dye Corporation bk l 

LT | iil 3} 640 Rector Street, New York 6, N. Y. | 
Please send my copy of “The Effects of Ca m Chloride on 

ani | Portland Cement er “ . = . i 

tT Nome — — — —— ! 
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Address____ — | 
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FOUNDATION 
WORK 





e FOUNDATIONS 

e UNDERPINNING 

e SHEETING & BRACING 
@ PILING & SHEETING 
e SHORING 

e COFFERDAMS 

@ MOVING STRUCTURES 
@ SPECIAL SERVICES 


SHORING 


Many years of experience in shoring and transferring 
heavy loads and prestressing structual members—experience 
arising out of extensive underpinning work—are success- 
fully applied by Spencer, White & Prentis, Inc., time after 
time to successful solution of problems in extensive altera- 
tions, reconstruction and repair of all types and sizes of 
buildings. 

Skilled Spencer, White & Prentis engineers will gladly 
discuss without obligation any shoring problem you may 
have. 


Write for 
revised catalog 











Write today for our new illustrated catalog. 


SPENCER, WHITE & PRENTIS, INC. 


10 East 40th Street, New York 16 - Hammond Bidg., Detroit, Mich 


in Conodo 


Spencer, White & Prentis of Canada, Ltd. 


2052 St Cotherine’s St. W . Montreal, Quebec 














FOR FAST, ECONOMICAL 
HIGHWAY TEST CORES 


The New Acker KR Shot Core Drill! 


The new Acker KR SHOT CORE DRILL is espe- 
cially designed for obtaining clean, unbroken high- 
way test cores quickly, inexpensively — accurately. 













rm 


For economy, inexpensive steel shot does the cutting, 
reducing bit servicing and operational expenses. 
Improved Acker design assures clean-cut 
core recovery up to 20” in diameter even 
from steel reinforced concrete. 


Get the facts today —ask for Bulletin19CE 





The Acker KR mounts on 
truck, trailer or drag 
Power can be gasoline, 
kerosene, diesel, 
electric or air motor 





WI ACKER DRILL CO., INC. 


SCRANTON 3, PA. 


Manufacturers of diamond and shot core drills and supplies. 


146 (Vol. p. 122) 


| 
| 


| 


News of Engineers 
(Continued from page 144) 
Gordon Zander, Tom Waddell, and Ge 





Jones are assistant state engineers in they 












Division of Water Resources, at 
mento, Calif. Mr. Zander has charge ¢ 
water rights, water quality, and pollutiog 
functions; Mr. Waddell of statewide igi 
vestigations and the Central Valley and 
Feather River projects; and Mr. Jones of 
flood control, supervision of dams and 
“Sacramento-San Joaquin Water Super. 
vision.” 


Edwin R. Lewis previously with D. BE 
Perkins, architect of Harlan, Ky., has 
accepted a position with Allen N. Dryden, 
of Kingsport, Tenn. 


Richard A. Haber, chief engineer of the 
Delaware State Highway Department, 
Wilmington, Del., has been appointed by 
the governor to serve on the first Delaware 
Geological Survey Commission. 


J. C. Smith has accepted the position of 
deputy project manager for the Maxon Con- 
struction Company at Oak Ridge, Tenn 


Fred W. Clayton, consulting engineer of 
Berkeley, Calif., has gone to Rangoon, 
Burma, to be chief engineer in charge of field 
design and construction on the Mingaladon 
Airport for the New York firm of Knappen- 
Tippetts-Abbett-McCarthy, Engineers 


Leonard L. Huttleston, since 1938 general 
manager for the New York State Division of 
Parks, at Syracuse, N.Y., has been named 
assistant direcior of the State Division of 
Parks in Albany. Mr. Huttleston is a past- 
president of the Ithaca Section of the 


Society. 


| 


? William Samuel Denton, captain in the 
U.S. Air Force, is now assistant professor of 
air science and tactics at Mississippi State 
College. 


Paul Ricks has joined Bechtel & Co., in 
San Francisco, Calif., as structural designer. 
Formerly he was junior civil engineer with 
the State Department of Public Works, 
Division of Architecture. 


John A. Walls, for the past 27 years presi- 
dent of the Pennsylvania Water and Power 
Co., at Baltimore, Md., has retired after an 
engineering career of 42 years. He will be 
succeeded as president of the Pennsylvania 
Water and Power Co. by G. W. Spaulding, 
who has been serving the organization for 
approximately 27 years 1947 
executive vice-president. 


as 


since 


Nian F. Roberts, of Sacramento, Calif., is 
on duty as a lieutenant with the Army 
Corps of Engineers, at Yuma, Ariz. 


Eugene Sprout, until recently junior civil 
engineer for the California State Division of 
Highways at Sacramento, is now stationed 
at Scott Air Force Base in Illinois. 


G. S. Druhot, who has been topographic 
engineer with the U.S. Geological Survey, at 
Sacramento, Calif., has been transferred to 
the U.S.G.S. office in Washington, D.C., ina 
similar capacity. 


Harold Lansing, formerly junior civil 
engineer for the California Division of 
Highways Bridge Department, at Sacra- 
mento, has been assigned to the “18th 
Street to Bryant” project in San Francisco 


January 1952 * CIVIL ENGINEERING 


Sacra. fi 


—_ 
Througho' 
cision me 
proper UV 
STEVENS 
standard 


Whether 
gage, flo 
operated 
instrumen 
STEVENS 
registrati 
flow for 
periods ¢ 
tomatic « 
direct fl 
controlle 


VISUJ 
AUDII 


Measure 
streams, 
voirs; me 
accurate 
liquid sur 
line is c 
measure 


STEV 


AM 
FOR 


Puts inter 
tains infor 
shelters. 

tion on S 


Inquirie 
men 





CIVIL ED 











Sacra. 


arge gq 
ollutiog 
‘ide in. 
ey and 
ones of 
IS and 
Super 


D. £. 
+» has 
ryden, 


of the 
tment, 
ed by 


aware 


ion of 
| Con. 


er of 
g£0on, 
f field 
ladon 


pen- 


neral 
on of 
imed 
mn of 
ast- 

the 


the 
or of 
tate 


, CIVIL ENGINEERING ° 
























2 — mT 
foremost in 
WATER MEASUREMENT 


and 


CONTROL INSTRUMENTS 


Throughout the world wherever pre- 
cision measurement is required for 
proper use and control of water, 


STEVENS instruments have been a 
standard of quality since 1907. 


Whether the need is a simple staff 
gage, float gage or complex remote 
operated recorder, there is a STEVENS 
instrument to meet the requirement. 
STEVENS recorders give automatic 
registration of water levels or liquid 
flow for daily, weekly or longer 
periods of unattended operation; avu- 
tomatic control of alarms or pumps; 
direct float operation or remotely 
controlled operation. 


VISUAL, GRAPHIC OR 
AUDIBLE REGISTRATION 


Measure deep wells; gage rivers, 
streams, irrigation ditches and reser- 
voirs; measure sewage flow, assemble 
accurate permanent records of any 
liquid surface fluctuation. The STEVENS 
line is complete in the field of water 
measurement and control. 


SEND FOR YOUR FREE COPY 


STEVENS DATA BOOK 


Puts interpretive dato at your fingertips. Con- 
tains information on float wells and instrument 
shelters. Complete hydraulic tables. Informa- 
tion on STEVENS water measuring instruments. 


Inquiries regarding special liquid measure- 
ment or control problems are invited 


LEUPOLD & STEVENS 
INSTRUMENTS, INC. 


4445 N.E. GLISAN + PORTLAND 13, OREGON 
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Applications for Admission 
to ASCE, November 24- 


December 15, 1951 


Applying for Member 


Joun Lee Busu, Tulsa, Okla 

JAMES WALKER CALDWELL, Roanoke, Va 
WILLIAM Jonun Campion, Jr., Marysville, Calif 
Ben Hutton CUNNINGHAM, Savannah, Ga 
ERNEST ARLINGTON Fort, Miami Springs, Fla 
Joun Morrison Hacue, Jr., New York, N.Y 
Tuomas Recinacp Hit, Tokyo, Japan 

ALFRED EpGar Hirscnu, Baltimore, Md 
FREDERICK LAURENCE KLEIN, San Francisco, Calif 
ALBERT ANTHONY Korves, Syracuse, N.Y 
GILBERT HARRISON MANDEVILLE, Seattle, Wash 
WILLIAM NorRMAN McLeop, Washington, D.C 
Louts JacK Monat, Newark, N 

Horst HANS ORBANOWSKI, New York, N.Y 
Davip Henry Overman, Columbus, Ohio 
Mario PALMIERI, Chicago, Ill 

ALseyY CLEMENTS PARKER, Tuscaloosa, Ala 
Joun JOSEPH SCHNEIDER, Passaic, N 

WittiaM Bruce Turockmorton, Chicago, Il 
WiLson Henry Warp, Clarksburg, W.Va 
RAYMOND ALBERT WEBBER, Salem, Oreg 
Grorcrt Mertens WiitiiaMms, San Francisco, Calif 


Applying for Associate Member 


RICHARD FARRINGTON Berry, Baltimore, Md 
RAYMOND Maurice CLock, New York, N.Y 

Jack WaTSOoN Ecnots, Birmingham, Ala 

HARRY CHARLTON ENG ISH, Sheffield, England 
Joseru Tuomas Gay, Jr., Washington, D.C 
NUGGEHALLI SAMPATH IYENGAR, Hazaribagh, India 
Cunt Jay Kerrer, Chicago, Il 


WiLiiAM RIcHARD Kipp, Ocala, Fla 


Micuart AnpREwW Koressar, Baltimore, Md 

CARLOS FERNANDO LaAveNnas, Buenos Aires, Argen 
tina 

Frep FRANK Loy, Des Moines, lowa 

Grorce Epwarp Lut, Jr., Wilmington, Del 

Paut BrRInKeR Peecook, Los Angeles, Calif 

Josern E_mer Perry, Tulsa, Okla 


4 hicago, lll 

La Paz, Bolivia 

New York, N.Y 
Mo 


INGVAR SCHOUSBOI 
race KAY SCHRADER 
ROGER BROWN STEVENSON 
Harry Eimo Wutrer, Clayton 


Applying for Junior Member 


Cuirrorp Ernar AnpeRSON, Highwood, II! 
ARMEN GEORGE AVEDISIAN, Thornton, Ill 
Joun Francis BRENNAN, Garden City, N.Y 
Epwarp Henry Bryan, Madison, Wis 
CHARLES Joun Burm, Ann Arbor, Mich 
EpWARD FRANCIS Butr.ier, Helena, Mont 
LANE Fouvcut Core, La Mesa, Calif 
Gorpon Bennett DALRYMPLE, Chamblee, Ga 
Ray Locke Day, Bastrop, La 
Santos |. pB LA CRUZ-VELAZQUEZ 
Rico 
WriiiaM Brink FAULKNER, Tulsa, Okla 
James Monroe Gere, Troy, N.Y 
Monamep Faumy GHANEM, Urbana 
Aucust Rupo.r Grasis, Chicago, Il 
Haroitp THomison Hocvue, Knoxville 
Leroy Ernest Hovumes, Lake City 
Joun Owens Jackson, Knoxville, ° 


Manati, Puerto 


Il 


renn 


Ropert Tuomas JoucnHin, Casablanca, French 
Morocco. 

Guy Newtson Kerrnu, Oklahoma City, Okla 

Peter Georce Kevitey, West Union, lowa 

Anpet Wanas A. Krran, Cairo, Egypt 

Carvin Artour Knoxe, Columbus Falls, Mont 

Rosert Burney Lone, Jr., Miami, Fla 

Jose Marta Martin Menpivuce, Madrid, Spain 

rersuyt Morar, Troy, N.Y 

CHARLES Roy NaGeL, Wauwatosa, Wis 

BeEvVILLe SLONE OvuTLAW, JR., Gainesville, Fla 


RALPH WILLIAM PeTrerson, Hammond, Ind 

Ernest Henry Rocers, Seattle, Wash 

EpWARD CHARLES RusIN, Fort Belvoir, Va 

Ary Aspet Aziz Saspry, Urbana, Ill 

ALBERT Leroy Scumitz, Jr., Baltimore, Md 

RONALD Les ScHoo_ter, Hammond, Ind 

ROBERT CLARENCE SLANKARD, Washington 

Ev_mer WILLIAM Startz, Fort Belvoir, Va 

ALLIKULI VEERASWAMI SUBRAMANIAM, 
India. 

KARNIG 

a. 
WILtiAM CLARENCE WALTON, Madison, Wis 


D.C 
Madras 


VeRVANT Yeznic TeRzIAN, Philadelphia 


{Applications for Junior membership from 
ASCE Student Chapters are not listed 


| 


Practical books for the 
HIGHWAY ENGINEER 





HicuwaY 
ENGINEERING 


Ritter - Pagrectt 


SUBSTRUCTURE 
ANALYSIS 
DESIGN 


aia ag 





HIGHWAY 
ENGINEERING 


by LEO J. RITTER, Jr., and RADNOR J. 
PAQUETTE, both of the University of 
Florida 
GIVES A BROAD VIEW of the subject to 
enable each of the many specialists partici- 
pating in highway engineering to perform his 
function more effectively. Various subjects 
have been arranged in the sequence in which 
they are normally considered as factors in the 
development of a highway system or the 
improvement of an individual highway or 
street. Emphasis is on rural highways, 
though much of the material is applicable to 
city streets or the design and construction of 


airports. 720 pages. $6.50 


BASIC REINFORCED 
CONCRETE DESIGN 


by GEORGE ELWYN LARGE, The Ohio 
State University 
CONCENTRATES ON the fundamentals 
of beam bending, beam shear, columns, and 
practical continuity, until the reader really 
understands them from experience in solving 
well-chosen problems. Carefully treats shear, 
diagonal tensions and anchorage. A problems 
method approach. Contains A.C.I. 1947 


Code & 1951 revisions. 334 pages. $5.50 


SUBSTRUCTURE ANALYSIS 
AND DESIGN 


by PAUL ANDERSEN, University of 
Minnesota 
{ VOLUME DEALING exclusively 
analysis and design of those portions of a 
structure which are located below the surface 
of the ground or water—or both. Theory is 
developed, procedures and methods are set 
forth, which enable the engineer to develop 


safe, economical designs 305 pages. $5.00 


with 


Examine any book for five days: clip 
this ad, attach to your letterhead— 
mail to us. 


THE RONALD PRESS COMPANY 


15 East 26th St., New York 10 
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EQUIPMENT, MATERIALS and METHODS 





NEW DEVELOPMENTS 


Excavator 


Tue Mopet 320, */, cu yd excavator 
and material handler, is a compact sturdy 
machine which is economical to operate, 
simple to maintain, and safer to use. The 
crawler base, machinery side frames and 
the deck, are made of castings and rolled 
structural steel shapes, used separately or 
in combination to obtain the maximum 
advantage of each type of material and 





Model 320 


construction. Machinery mounted on the 
superstructure is placed well back on the 
deck, thus giving an unusual stability and 
increased lifting capacity, with a minimum 
amount of dead counterweight necessary 
Ground bearing pressures are low. The 
Model 320 is fully convertible to shovel, 
clamshell, crane, pile driver, dragline, and 
hoe work, in the field with a minimum of 
effort. The standard shovel boom length 
is 18 ft 8 in. with a dipper handle of 15 ft 3 
in. effective length. Standard crane boom 
length is 35 ft. Standard length of crawler 
is 11 ft 4 in., with 20 in., 25 in., or 30 in 
treads available It is manually con 
trolled Special attention has _ been 
given in design to present a smooth 
und quiet running machine, with safety a 
prime factor. Another feature is the acces 
sibility of working parts, and the ease of 
their removal without disturbing other 
parts. The General Excavator Company, 
Marion, Ohio. 


Fast Setting Cement 


ANCHOR BOLTS FOR permanently fasten 
ing machinery, hand rails, seats, or equip 
ment of any type to concrete, can now be 
set easily, quickly and with complete 
safety by using Por-Rok quick setting 
cement It successfully replaces critical 
lead and sulphur for most bolt-setting 
operations. Applied cold, there is no 
heating hazard—and the speed with 
which it forms a permanent weld-joint is 
amazing. Por-Rok is self-bonding, self 
leveling, oil-resistant, and will not shrink 
It has the remarkable compression strength 
of 4500 Ibs psi, verified by an independent 
testing laboratory. The Hallemite Manu- 
facturing Company, 2446 W. 25th St., 
Cleveland 13, Ohio. 
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OF INTEREST AS 


Elevating Grader 


AN ELEVATING GRADER attachment 
with a hinged carrier to facilitate move 
ment from job to job, has been announced 
The unit is called Elegrader and it is de- 
signed to work on Adams models 550 and 
610 motor graders. The exclusive hinged 
carrier design rules out time-taking and 
troublesome dismantling to allow highway 
travel, and clearance is no problem for 
oncoming traffic, through narrow gates 
and underpasses, over narrow bridges or 
loading onto other vehicles for long hauls 
The Elegrader has been carefully designed 
to permit maximum visibility for the 
operator both in normal operating position 
or with the carrier raised to traveling 
Less than fifteen minutes is re- 
quired to raise the hinged carrier to travel- 
ing position, and when this has been done, 
the elegrader has the same center of 
gravity as the motor grader alone. The 
carrier is equipped with a 36 in. trough 
type belt which is an innovation in elevat- 
ing grader design and has equal capacity to 
a 48 in. conventional flat type belt. All 
troughing rollers are mounted on self- 
lubricated, permanently sealed ball bear- 


position 





Elegrader 


ings which do not require any servicing, and 
all other moving parts are mounted on 
either ball or roller bearings. Another 
major feature is ease of mounting the at 
tachment to the motor grader. No weld 
ing, cutting or major alterations to the 
grader are necessary Precision made 
interlocking steel wedge plated rein 
force the hinge on the carrier, assuring a 
rigid, solid stiffness in either working or 
traveling position. Williams & Reisser 
Co., P. O. Box 1126, 23rd and Hickory 
Sts., Omaha 1, Nebr. 


REPORTED BY 


January 1952 


MANUFACTURERS 


Bituminous Mixer 


Tue Mopet HTD-S portable bitumi- 
nous mixer of the batch type, suitable for 
making “‘hot,’”’ “heated,” or “‘cold’’ bi- 
tuminous mixtures has been announced. 
Capacity is 3 cu ft per batch; heat is sup- 
plied by 2 oil burning torches; hot mix- 
tures may be heated up to 300 deg F; 
cold mixtures are prepared in the conven- 
tional manner. Complete working weight 





Model HTD-S Mixer 


is 1200 lbs, power is supplied by 6 hp air- 
cooled engine, trailer mounted on two 
rubber tired wheels. The mixer can be 
used with limestone, slag, trap rock, gravel 
or sand, and emulsified asphalts, cut- 
backs, tars or asphaltic cement to produce 
asphaltic concrete, sheet asphalt, sand 
asphalt or mastic asphalt mixtures. Per- 
manent, hot patches may be placed in 
zero weather, and premixed or stock pile 
mixtures may be run through the mixer, 
heated and placed on the spot. K. E. 
McConnaughay, 545 Fifth Avenue, New 
York 17, N. Y. 


Precast Buildings 


PRECAST SHELTERS FOR delicate equip- 
ment, valve or guard houses, etc., are now 
being supplied as a single packaged unit 
They are manufactured of Thermo-Con, a 
light weight cellular concrete, and arrive 
at the site complete in every respect. The 
shockproof quality of the structure per 
mits transportation on truck, rail, or 
barge. The high insulating value of the 
building makes automatic control of tem 
perature a minor problem. As the shelter 
is made in one pour, cracks are non-existant 
and the walls are completely waterproof 
The wiring is in concealed conduits and de 
signed for particular needs. The struc 
tures are made in any desired size and 
may be constructed with a telescoping ex 
terior to house auxiliary units. Mobile 
construction equipment, makes possible, in 
sizable contracts, the fabrication of the 
buildings at or near the final location 
Thermo-Con Texas Corp., P. O. Box 12188, 
Houston 17, Tex. 
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WELLS & PUMPS 












THE 


RIGHT =~ 
COMBINATION 


Layne offers you the right combination of 
unmatched experience plus modern equip- 
ment for installing well water supply units 
of any size—and for any purpose. Layne has 
made more water supply installations than 
any other firm in the entire world, and this 
valuable experience places Layne in a posi- 
tion to unquestionably do every job exactly 
right. Once the installations have been made, 
a complete record of everything is kept; 
strata formation, sand porosity, casing de- 
tails, sand screen length, diameter and metal 
used, all pump information including bear- 
ings, shafting, impellers and operating char- 
acteristics. With such information, Layne is 
always in a position to give quick and most 
economical service for adjustments or re- 
pairs if and when needed. 


Everything 
by Layne 


Layne accepts your contract for furnishing 
everything; Layne supervision, Layne drill 
crews, Layne drill equipment, Layne designed 
and Layne built louver type sand screen and 
Layne high efficiency vertical turbine pumps. 
No other firm is involved, therefore there is 
no divided responsibility. This plan gives you 
the very finest well water supply units that 
world wide experience and skill can build. 


Layne offers a wide range of fully illus- 
trated catalogs covering all phases of well 
water installations for all types of indus- 
try. Write for more information to 


LAYNE & BOWLER, INC. 
General Offices, Memphis 8, Tenn. 






WATER & SUPPLY 
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Equipment, Materials & 
Methods (Continued) 


Portable Hydraulic Cutter 


THE RECENT DISMANTLING of an explo- 
sion-wrecked plant in the Chicago area pre 
sented a serious problem in the removal of 

; in. reinforcing rods, 
hydraulic cutter was 

Due to the presence 


bent and twisted * 
until a portable 

brought to the job 
of inflammable fumes in the plant, a cut- 
ting torch could not be used. The only 
alternative method of cutting was with a 
hack saw, which would have been slow and 
expensive. The hydraulic cutter, a rela- 
tively new tool, was a Model 20-B Guillo- 
tine. As this unit is light in weight, 
readily portable, and contains no compo- 
nents capable of igniting combustible va- 
pors, it was ideal for job. The cutting 
head weighs only 28'/: Ibs, permitting the 
operator to crawl with ease throughout the 
structure to reach the exposed rods. 
While the Guillotine is available with 
power-operated hydraulic pumps, a hand- 
actuated hydraulic pump supplying 45,000 
Ibs of thrust to the cutter was selected as 
the best for this particular job. The ac 
tual cutting operation took an average of 
only 8 to 10 sec. Manco Manufacturing 
Co., Bradley, Ill. 


Scraper 


WITH OVER 40 PERCENT more struck 
capacity than previous models, the ‘‘Cat”’ 
No. 90 scraper is designed to increase 
earthmoving production when used with 
D8 tractor power. Struck capacity of 
21.2 cu yds can be increased to 25.5 cu 
yds with the addition of top extensions or 
side boards. Likewise, heaped capacity is 
27 cu yds, or 31 cu yds with the available 


No. 90 


sideboards. The scraper moves dirt with 
the aid of a hard surfaced, reversible cut 
ting edge. Material is carried in a flat, 
double-bottom bowl of high tensile steel 
Operation is by means of a cable control 
unit, which can be mounted on the rear of 
the tractor to provide for positive loading 
Tapered roller bearings are 
The scraper uses 


and ejection 
installed at each axle 
two 24.00-29 front tires and two 27.00-33 
rear tires, all four of 24-ply rating. When 
loaded, the scraper distributes 60 percent 
of the weight on the rear tires. Caterpillar 
Tractor Company, Peoria 8, IIl. 


When Requesting Product Infor- 
mation Please Mention Civil 
Engineering 
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| Write today for full facts about Mc- 
' Carthy Drills. See for yourself how 
you save valuable time on the job by 
using a McCarthy —the toughest, 
fastest, most efficient unit ever made, 


DRILLING 
(SALEM) 


EQUIPMENT 
_SINCE 190! 











THE SALEM TOOL CO. 
804 S. Ellsworth Ave. 
Salem, Ohio, U.S. A. 
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AT NO 
EXTRA COST 


100% Serrated Safety 
Grating by A. O. Smith 


A. ©. Smith 100% serrated safety floor 
costs no more than a plain surface floor. 
You get premium quality with positive 


safety 


price! 


100% non-slip surface is assured when 
you use A. O. Smith Safety Grating. All 
bearing bars and cross bars are fully 
serrated 


protectiion—<al no premimm im 


Ask your purchasing agent, design 
engineer or safety director to get full 
details on this grating that assures 
maximum safety in any application. 


Floor grating @ Stair treads 


Catwolks @ Trenching © Manways 
Running boards 


AO.Smith 


Safety Grating and Stair Treads 


District Offices: Chicago 4 « Dallas 2 
Houston 2 + Los Angeles 22 + New York 17 
Pittsburgh 19 « Tulse 3 


CERTAIN TERRITORIES STILL 
AVAILABLE TO DISTRIBUTORS 








A. ©. Smith Corporation 
Grating Division, Dept. CE- 152 
Milwaukee 1, Wisconsin 


Without obligation send me com- 
plete information on your Safety 
Grating 


Name 

Firm 

Address 

City Zone State 


I am interested in a Distributorship 
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Equipment, Materials & 
Methods (Continued) 


Heavy Duty Shovel 
A l0 ct 


chine described is the 


YD MINING and quarry type ma 
world’s largest, 
nost powerful shovel on two crawlers is 
being announced. It is the Marion 191-M 
for which many impressive performance 
features are claimed, including the follow 
ing: A IO « 


iall-machine cycle time more strength 


u yd heavy duty shovel with 


! 
und more power, in terms of digging effort 
! greater 


than 


peed, per cu yd of capacity 


i 
travel speed and maneuverabilty 





Model 191-M 


trucks of the 
s; heavily 


most small machin loads 


4} ton cla 


s in three or four passe 
built throughout for the toughest digging 
jobs; Ward-Leonard control; ‘‘Amplidyne 

or “Rototrol”’ application of electric power 
ind production potential of over half a 
million yards Che lower fram 
of the 191-M is formed of heavy steel plate 
welded into a deep bulkhead structure for 
rhe upper frame is 
i deep welded structure with machinery 
welded integral with the frame 


per month 


strength and rigidity. 


supports 
I'wo matching 187 hp 600 line motors, 
with blowers, operate the hoist machinery 


ind, through the use of clutches, drive the 


propel mechanism. Twin swing motors of 
62 hp are also equipped with blowers 
Another 62 hp motor mounted on the 


power for crowding and 
retract Marion Power Shovel 
Marion, Ohio. 


boom provide 
crowd 


Company, 


Street Markers 


[HE TENITE PLASTIC MARKERS are quick 
, easy to apply to any type of street 
surface and never need further attention 
once they are down, during the life of the 
tarker which is four to six years Phe 
Dur-O-Line marker is a simple plastic 
saucer shaped disc, 4 in. in diameter 
rhey are usually spaced about 2 ft apart 
to make a well defined traffic lane. The 


irker will withstand 63,000 Ibs pressure, 


} 


which is well above the maximum load 


msequently the problem of break 


ige is almost negligibk hey are solid in 


color all the way through and are availabk 
im trait yellow or dead white Wear 
cannot dull their original brightness lwo 
iverage workers can lay 100 street markers 


per hour and cars can run over them as 
soon as they aredown. Traffic Safety Sup- 
ply Company, N. E. Sandy Blvd. at 27th, 
Portland 12, Ore. 








Bladworth 


SUPERSONIC 
SURVEY RECORDER 


So many 
different 
types of 
organizations 
are already 
using 
BLUDWORTH 
Survey 
Recorders: 


Bh WATER! 


construction | 


Pipeline Companies 


For surveying 
underwater pipe 
line trenches; 


Railroad Companies 
| Water surveys 
it) 5 of bridge sites; 
Bridge Builders 
Pier position sur 
veying 


Oil Exploration 
Companies 
Underwater sur 
veya revee 
ture of bottom 
materials; 


S aeealieleeneelianeielineticeestineedtieentteniedice eet ey 





FASTER 


Dredging Compan 


es 


Government Agen 
| cies 
Army Engineers 
| on al Sur- 
| C count & Geodeti« 


Survey 
Fish & Wildlife 


Service 
Navy 


| Coast Guard 


| Consult us for 
| recommended 
I application to 

your particu- 
\ lar problem. 


RINE - 92 Gold Street 
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High Labor Costs with 
SPEED FORMS 


SPEED FORMS can be set up, stripped, cleaned, 
moved and reused in far less time than wood. 
Lightweight, easy tohandle. No heavy bracing 
needed. No gadgets or special fastenings 
Units go together with wedge clips. 

Made of Steel—-Good for revse again and 
again on job after job indefinitely without re- 
pair. Reduce material costs way below wood 
Many records of 400-500 and more uses. 

Just send us plans of the job. Let us show you 
how to Save Real Money on 
Form Work. Write Dept. EC. 
Ask a representative to cai. 








Face—wall 
form unit. 





Wedge clip. 


PS Al ich ged, Bi tel a.) 





AND TANK CORP. 
20 VESEY ST., NEW YORK 7, N. Y 


Write 
for 


atilaalelic 


GILES 


@ quotes promptly 


@ moves fast 
@ finishes on schedule 


@ transmits results 
immediately 


GILES 


io) GGG), ice ae) i te) s-bale).| 
2 Park Ave., N.Y.C 


LExington 2-6834 
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Equipment, Materials & 
Methods (Continued) 


Weld-on Plate 


SCARCITY OF STEEL and other metals 
continues to stimulate a campaign of 
“Machine Care for Longer Wear” by 
Caterpillar Tractor Co., producing new 
techniques to keep veteran machines in 
operation. Most recent contribution by 
Caterpillar is the weld-on plate for resur 
facing track links worn too deeply for the 
successful use of weld overlays. Applied 
to D7 and D8 tractors, the method makes 
it possible to resurface track links worn in 
excess of */s in. Track-type tractors roll 
on the steel rails formed by the track 
links. Induction hardening is applied to 
the rail surfaces, so that wear normally 
appears only after thousands of hours of 
usage. The weld overlay is a method de 
veloped earlier to restore the surface of 
worn parts, and it is recommended that 
this method be used as soon as track links 
are worn through the original surface 
hardness of about '/s in. Successful over 
lays are possible up to three thicknesses, or 
about s in. Beyond this point, track 
link plates are estimated to be more eco 
nomical for the D7 and D8. Made of 
hardened and tempered steel, these plates 
resist abrasion and shock Caterpillar 
Tractor Co., Peoria 8, Ill. 


High Speed Paver 


DESIGNED WITH ULTRA HIGH speed oper 
ating cycles, the 34E dual drum paver is 
manufactured to meet modern paving con 
ditions rypical of the speed claimed for 
the Model WP paver is a boom bucket 


travel rate of 256 fpm. The power loader 





34-E Dual Drum Paver 


skip requires only 6'/2 sec to travel from 
the ground to discharge position of 56 deg 
low slope. Transfer from the first to the 
second mixing compartment also requires 
about 6'/» sec depending upon consistency 
of the concrete 
bucket is another 6'/, sec operation 
Boom swing is a full 171 deg. The Model 
WP Worthington-Ransome paver retains 


Discharge into the boom 


the exclusive hydraulic bueket, permitting | 


complete control of rate of concrete dis- 
charge under all conditions Increased 
braking area, more efficient boom raising 
and lowering machinery, a_ redesigned 
drum, and entirely new crawlers and 
frames are other features of the machine 
The Construction Equipment Div., Worth- 
ington Pump and Machinery Corporation, 
Dunellen, N. J. 





The newest and most modern 
instrument for surveyors and engineers. 
Its special innovations combine to 
make instrument operation 
MORE RAPID, 
MORE PRECISE, 





MORE ECONOMICAL, 


| T 
Special features include: 

OPTICAL PLUMMET —eliminates plumb bob 
OPTICAL READING SYSTEM — vertical 
and horizontal readings taken 
at a glance to 6” thru microscope 
eyepiece next to telescope. 
REPEATING LEVER speeds 


repetitions, prevents errors. 


FULL “BEHIND INSTRUMENT” OPERATION 
all operations controlled from 
operator’s position behind instrument. 


. ae 
« lla 





F/S Model 4150 R weighs only 
9 Ibs. 14 oz.—stands 10” high. 
Complete with adjustable-leg 
tripod and aluminum alloy carry- 
ing case, $650. 


Full service and repair facilities available. 


TRANS-GLOBAL COMPANY 
1480 Broadway, New York 18, N. Y. 
AMERICAN DISTRIBUTORS FOR— 


FILOTECNICA 


SALMOIRAGHI 
S.PA. Milan 
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SPHELD + 


PIPE SYSTEM 

EVERYTHING for a 

COMPLETE PORTABLE 
PIPE SYSTEM 








* FACTORY PACKAGED 
* PIPE COUPLINGS 

® FITTINGS 
* VALVES 


* ACCESORIES 
















LIGHTWEIGHr 
SAVES LABOR 
FAST, SIMPLE 


Immediate Installation 


rk one unskilled man. 2% to 12Yy, 
block of galvanized hermes 


s'Zes can be furnish 
ed. 
—without delay. eee ™ 








DELIVERED 
READY for 
INSTALLATION 










\ALBERT 


PIPE SUPPLY CO., 
Berry at North 13th $t. 
Brooklyn 11, N.Y 


Phone EVergreen 7-8100 





SEND COUPON NOW! 

ALBERT PIPE SUPPLY CO., INC. 

Berry & WN. 13th St., Brooklyn 11, N. Y. 
Please send free booklet describing 
your Speed-loy Pipe System and 


services 


FIRM NAME 


ADDRESS 


i 

l 

l 

| 

l 

l 

NAME . 
l 

| 
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Equipment Materials & 
Methods (Continued) 


Scraper 


AMONG THE UNIQUE features of the 
McGee scraper is the ability to backfill, 
searify, grade (both rough and finish) and 
a thousand and one scraping uses for 
school yards, playgrounds, airports, streets, 
driveways, etc. The scraper is the only 
one with cradle action and a revolutionary 





Hydraulic Control 


hydraulic upper-link control. This ex- 
clusive, advanced control is the first time 
hydraulic control of scraping angle has ever 
been applied to a scraper. The operator, 
with but a touch of the control valve adjusts 
the tilt. The tilt can be changed for scrap- 
ing, back-filling or scarcifying ... all without 
dismounting from the tractor With a 
bucket capacity of approximately */, yard 
and a cutting and back-filling blade 5 ft 
6 in. wide, the total weight of the McGee 
scraper is 450 lbs. The Tractor Sales 
Corp., 1409 Santa Fe Ave., Los Angeles 21, 
Calif. 


Transformer Welder 


lune Arrco Moper MCM 200 ampere 
transformer welder is designed for general 
maintenance and production welding. It 
is a rugged unit with easy-to-operate con 
trols and is built for long, dependable serv- 
ice in garages, job shops and industrial 
plants. The MCM has a full 200 ampere, 
50 percent duty cycle, NEMA rating 
Four variations are available—220 volt or 
a 220/440/550 volt unit, each with or with- 
out power factor correction. Two open 
circuit voltages are provided—80 volts on 
the low range and 55 volts on the high 
range This combines easy arc starting 
with a lower KVA demand load and pri 
mary ampere current. Safe, dependable 
operation is assured by complete, up-to 
the-minute insulation throughout. The 
easy-to-read current indicator affords 
quick adjustment of welding current 
Maintenance cost is low because there 
are no moving parts, and each part is de 
signed for long life even under the toughest 
operating conditions. Air Reduction 
Sales Co., 60 East 42nd St., New York 17, 
N.Y. 


When Requesting Literature, 
Please Tell The Manufacturers 
You Saw Their Products Men- 


tioned in Civil Engineering 
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OPTICAL 
SQUARES 


Pentagonal Prisms or Optical 
Squares, the size of a plumb bob 
and the weight of a jack knife, 
can be kept on your watch chain. 


The Optical Square is a handy tool 
for checking on location, for 
alignment, and for laying out right 
angles. Speedily used as a hand 
level, it has an accuracy in leveling 
of 1 inch in 200 feet. The 
instrument is available in single 
and double prisms. 


For further detailed information 
on the operation and use of Optical Squares 
call or write for Booklet CE1 


Complete repair and servicing facilities 
by factory specialists. 


HENRY WILD 
SURVEYING INSTRUMENT SUPPLY CO. 
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SS 
CONTRACTORS 
for 
DIAMOND CORE DRILLING 
DRY SAMPLE SOIL BORINGS 
FOUNDATION TESTING 
PRESSURE GROUTING, ETC. 

anywhere in the world 


Sixty years of successful experience, backed 
by superior equipment and ample financial 


resources, constitute your best possible 
assurance of satisfactory service. Estimates 
submitted promptly on request. Manvufac- 


turers, also, of Diamond Core Drilling Machines 
and complete accessory equipment. 


SPRAGUE & HENWOOD, Inc. 
Dept. C. E., SCRANTON 2, PA. 
New York - Philadelphia - Pittsburgh 
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CAWCiGr 
fixe 
Cannpaleic 
WIE? 


Greater economy, greater 
speed of installation, 
greater flexibility in op- 
eration, greater success on 
all kinds of jobs in remov- 
ing surrounding ground 
water — enabling you to 
handle the wettest work 
with greatest profit. 


Write today for’'Complete’'catalog Dept. ER 


COMPLETE MACHINERY & 
EQUIPMENT COMPANY, INC. 


36-40 11th STREET 
LONG ISLAND CITY, N. Y. 
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SYSTEMS 
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Literature Available 


VERTICAL PROPELLER PumMps—Bulletin 
W-314-B2 on vertical propeller pumps for 
flood control, drainage, irrigation and 
similar low head services is announced 
It contains cross section drawings, dimen 
sions and a discussion of recommended 
clearances for the pumps. A request on 
company letterhead will bring you a copy 
of this bulletin. Worthington Pump and 
Machinery Corporation, Harrison, N.J. 


WALL Forms—An 8-page revised direc 
tions booklet on wall forms is available 
Complete details are given for the erection 
of Symons forms including panel align 
ment, stripping, spacing of ties, safe work 
load for ties and pressure per square foot 
that the forms will stand. Complete illus 
trated information on the many accessories 
that are available for use with the forms is 
also included. Symons Clamp & Mfg. 
Co., 4249 Diversey Ave., Chicago 39, IIl. 


ExcAVATOR CATALOG—A sales catalog 
describes the latest advancements made on 
the Koehring Model 304 excavator and its 
attachments. The attractive two-color 
booklet illustrations and 
drawings that depict the story of design, 
construction, work capacity and wide ap 
plication of the heavy-duty excavator 
Koehring Company, Milwaukee 16, Wis. 


contains 117 


PNEUMATIC TIRED ROLLERS—A bulletin 
on pneumatic tired rollers is announced. 
Features such as oscillating axles, stag- 
ind underslung chassis are 
diagrams and 


gered wheels 
listed, and specifications, 
front and rear views of the rollers are in- 


cluded. Tampo Manufacturing Co., 1146 
W. Laurel St., San Antonio, Tex. 


PowER PLant Coat HANDLING—A 44 
page book, No. 2410, on coal and ash han- 
equipment for plants, is 


distribution It con 


dling power 
now available for 
tains helpful layout drawings and interest- 
ing photographs of actual installations 
It is a book of ideas and suggestions for 
solving the coal and ash handling problems 
of today’s power plants. There are sec 
tions in the book on unloading coal, auxili 
ary unloading, coal storage and reclaiming, 
distributing 


crushers, transporting and 


equipment, ash handling, and water intake 


screens. Link-Belt Company, 307 N. 
Michigan Ave., Chicago 1, Ill. 
Moror-DrIvEN CONTROLLED VOLUME 


Pumps—A 24-page, two-color, illustrated 
bulletin on motor-driven controlled volume 
pumps has been published Bulletin 
No. 251, will be of interest to anyone 
faced with the need of pumping practically 
any liquid, from heavy viscous liquids to 
light solvents, solids in suspension, abra- 
sive slurries, hot or cold liquids, liquefied 

Capacity 
included to 


gases, and other materials 
pressure selection tables are 
help users select the right pump for their 
particular application. Milton Roy Com- 
pany, 1300 East Mermaid Lane, Phila- 


delphia 18, Pa. 














Driving sand drains for sub-surface sta- 
bility for projects such as the New Jersey 
Turnpike is just one phase of Mac 
Arthur's all-around activity. Also avail- 
able for foundation work are Mac Arthur 
cased, compressed, pedestal, composite, 
wood, and the well-known Steel Saver 
piles. Have your engineers ask about 
them for your next foundation project. 


MacArthur 


CONCRETE PILE CORP. 
18 East 48th St., New York 17, N.Y 


New Orleans «+ Cin« 














PS 
KALMAN 
PROCESS waked 


CEMENT FLOORS 


+] 


No chance for a “softie” 
when you specify Kalman 
floors. In surfacing, Kalman 
“absorption control” densifies 
and pre-shrinks the topping, 
producing concrete of the 
highest compressive value — 
a uniformly tough surface 
of maximum durability. 
Bulletin gives all the 

facts — yours for 

the asking! 


KALMAN FLOOR COMPANY (~~ 
110 E. 42nd St., New York 17, N. Y. 
Boston « Charlotte « Chicago « Cleveland 
Dayton « Detroit « Houston « Los Angeles 
Philadelphia « San Francisco 
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AUTOMATIC 
Sewage Regulators 








ene 

















Fig. 8-19 


Automatic Sewage Regulators control 
sewage flows either by partially or 
completely cutting off such flows to 
suit head or tail water conditions or 
by “‘governing™ to discharge a pre- 
determined quantity regardless of 


head or tail water conditions. 


Descriptive Bulletins and Engineering 
Data Available Upon Request 


BROWN & BROWN, INC. 
LIMA, OHIO, U. S. A. 
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PRESSURE CONCRETE CO. 


gives cement 
greater utility, 
versatility! 


FOR REPAIRING: Reservoirs, Dams, 
Filter Plants, Sewage Disposal Plants, 
Tanks, Stadiums, Bridges, Sea Walls, 


Breakwaters. 


FOR LINING: Reservoirs, Swimming 
Pools, Tunnels, Sewers, Pipe, Con- 
crete, Brick and Steel Tanks, Stacks, 
Bunkers, Inigation Ditches. 


FOR CONSTRUCTING: New Tanks, 
Stacks, Piles, Sidewalls and Roofs, 
Steel Encasements. 


Write for 48-page illustrated booklet 
showing “GUNITE” at work. 


PRESSURE CONCRETE CO. 


NEWARK 5, N. J. CHICAGO, ILL. 
193 Emmet Street 33 No. La Salle Street 


CHARLOTIE, N. C. FLORENCE, ALA. 
Liberty Life Bidg. So. Court Street 
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Literature Available 
(Continued) 


Heavy-Duty Macnuine—A 
catalog in color has been published on the 
Bushwacker, a heavy-duty, tractor 
mounted machine for low-cost land-clear- 
ing operation. A series of on-the-job ac- 
tion photographs illustrates the principle 
of operation, rate of production and final 
results at a typical job site. Complete 
specifications and operating data are also 
included. American Steel Dredge Co., 
Inc., Fort Wayne 1, Ind. 


two-page 


Grit REMOvER—A 24-page, two-color 
bulletin, No. 6411, describes the Dorr 
Detritor in detail covering the several 
different types available, with drawings, 
sizes, capacities and operating descrip 
tions. Photographs of nume: ous installa- 
tions are included as wel! as operating 
results from 32 Detritors in the field. The 
Dorr Company, Barry Place, Stamford, 
Conn. 


LAYKOLD FIBRECOAT—A 4-page bro 
chure in three colors, giving detailed appli- 
cation data and listing outstanding uses of 
Laykold Fibre, a weatherproof mineral 
armored asphalt, has just been issued. It 
includes specifications, application data, 
approximate costs, and illustrated, detailed 
information regarding equipment used in 
applying the product. American Bi- 
tumuls & Asphalt Company, 200 Bush St., 
San Francisco 4, Calif. 


WATERWORKS GATE VALVES—A com- 
plete line of iron-body gate valves for 
municipal water supply systems is de 
scribed and illustrated in Bulletin 106 
It covers AWWA specifications, operating 
mechanism, methods of operation, special 
features and end connections available, 
plus full dimensional data for sizes 3 in. to 
18 in. The Kennedy Valve Mfg. Co., 
Elmira, N. Y. 


MATHEMATICAI raBLes—A _ revised 
loose leaf data book containing mathe 
matical tables and formulae needed to 
solve problems in arithmetic, geometry, 
algebra, trigonometry, analytical geometry 
and calculus is announced. The material 
is conveniently arranged in six thumb 
indexed sections for ready reference. It 
has 176 pages, a 2 pin cover, and costs 
$1.50. Another catalog which gives over 
2,000 listings of technical data books in 
convenient pocket size is free. Lefax 
Publishers, Philadelphia 7, Pa. 


Motor Scraper--A 16-page, two-color 
catalog describing the Model TS300 motor 
scraper, a high speed, rubber-tired, self 
propelled earthmover, has just been re 
leased rhe copy and photographs ex 
plain the construction features of the mo- 
tor scraper in full detail. Individual 
photographs of the various component 
parts are included. The center spread is 
devoted to a large model shot of the motor 
scraper and complete machine specifica 
tions. Ask for form No. A-1285, Advertis- 
ing Dept., LaPlant-Choate Mfg. Co., Inc., 
Cedar Rapids, Iowa. 








BUCKET LADDER 


DREDGES 


for 


SAND—GRAVEL 


e SCREEN PLATES 
e BUCKET PINS 
e SAND PUMPS 
YUBA JIGS 





YUBA MANUFACTURING CO. 


Room 716 - 351 California Street 
San Francisco 4, Calif. 


CABLES: Yubaman, San Francisco 


Shawdarbco, London 








For the best 
RIVETED 
PRESSURE-LOCKED GRATING 
WELDED 
WALKWAYS 


« FLOORING 

\o’ BALCONIES 
STAIR LANDINGS 
STAIR TREADS 
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« REFINERIES 
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PROCEEDINGS. 20°." Meron Termine 
AVAILABLE 0h p08 Sma 


D-37. Discussion of Paper, Design of Pre- 
stressed Tanks, by ]. M. Crom. 








D-47. Discussion of Paper, Operation and 
Maintenance of Irrigation Systems, by Ray- 
mond A. Hill. 


The following papers, printed as_ five months following the date of issue. 
Proceedings Separates, may be ordered A summary of each paper appears in 
on the basis of summaries given in this several consecutive issues; other titles will 
and previous issues of CrviL ENGINEER be added every month, as they become 
ING. Discussions of these papers will be available. Use the convenient order Second Notice 
received, as in the past, for a period of form on page 156. 

106. Analysis of Ground Water Lowering 
Adjacent to Open Water, by Stuart B. Avery, 
Summarized in Earlier Issues D-42. Discussion of Paper, Wind-Load Jr. A theoretical analysis of ground water 


Standards in Europe, by John W. T. Van Erp. lowering adjacent to open water is presented. 


87. Sewage Reclamation by Spreadin 
e y . . The formulas and graphs included permit rapid 


a by Ralph Stone and William D-43. Discussion of Paper, Settlement computation of pumping rates required for 
Correction at La Guardia Field, by John M. various drawdowns and arrangement of wells. 
88. Experimental Study of Water Flow in Kyle. Computed values are compared to those ob- 
Annular Pipes, by W. M. Owen D-44. Discussion of Paper, The Problem of served on an actual well installations. (Avail- 
89. Deflections in Gridworks and Slabs, Wave Action on Earth Slopes, by Martin A able January 1.) 
by Walter W. Ewell, Shigeo Okubo, and Joe! Mason. 
Benen , 107. Characteristics of the Solitary Wave, 
by James W. Daily and Samuel C. Stephan, Jr. 
D-30. Discussion of Paper, Economic ef- Third Notice The solitary wave—with a single elevation and 
fects of Reservoir Sedimentation, by William a constant velocity—is important because it 
E. Corfitzen 97. Consumptive Use in the Rio Grande occurs in a number of natural circumstances 
Basin, by Robert L. Lowry with sufficient consistency to make it useful in 
D-40. Discussion of Paper, Construction ; ; the prediction of wave action for design pur- 
Technique of Passing Floods Over Earth Dams 98. Consumptive Use of Water on Irrigated poses. The authors explore the accuracy of 
by Andrew Weiss. Land, by Wayne D. Criddle. wave theory in terms of available test data and 
D-34. Discussion of Paper, Lateral Buck- 99. Consumptive Use in Municipal and conclude that they verify the Boussinesq- 
ling of Eccentrically Loaded I-Section Col- Industrial Areas, by George B. Gleason. Rayleigh celevity equation reasonably well. 


, a7 Available January 1.) 
umns, by H. N. Hill and J. W. Clark eee ; : 
y Mand J. W a 100. Forced Vibrations of Continuous 
D-38. Discussion of Paper, Hydrology of Beams, by Edward Saibel and Elio D'Appo 108. Control of Embankment Material by 
Mexico, by Andres Garcia-Quintero lonia. Laboratory Testing, by F. C. Walker and W. 


101. Application of Highway Capacity G. Holtz. The behavior of soils in earth dams 


D-17. Discussion of Paper, Origin and 
Research, by J. P. Buckley 


Significance of Openwork Gravel, by Allen S. 
Cary 


during construction and subsequently is com- 
pared with properties determined by labora- 
102. Utilization of Ground Water in Cali- tory tests. Procedures are given for evaluat- 
D-33. Discussion of Paper, Strength of I- fornia, by T. Russel Simpson ing the effect of coarse-grained particles on the 
Beams in Combined Bending and Torsion, 
by Basil Sourochnikoff. 


behavior of impervious soils, and a method for 
103. Pile Foundations for Large Towers on controlling and placing pervious soils is de- 


Permafrost, by L. A. Nees. scribed. The development and control of pore 
90. Consumptive Use of Water by Forest 
and Range Vegetation, by I.. R. Rich 
91. Consumptive Use of Water, by Harry 
F. Blaney 
INSTRUCTIONS 


92. Experimental Investigation of Fire 


Monitors and Nozzles, by Hunter Rouse, | 
W. Howe, and D. E. Metzler 1. Papers are to be ordered by serial number. Please keep record of Separates you have ordered 
to avoid unwanted duplication 


93. Aircraft Design as Related to Airport 2. Any ASCE member may order a total of 40 copies of papers during the fiscal year ending Sep 
Standards, by Milton W. Arnold tember 30, 1952, without charge. These may be duplicates of the same paper, separate papers, or a 
; combination of both 


94. Friendship International Airport, by 3. Members’ accounts will be charged at 25¢ each for orders exceeding 40 copies in a fiscal year. 
B E tt B Charges for excess copies or for subscriptions will be included on the 1953 dues bills 
enjamin Evere eavin 
4. Non-members of the Society may order copies of PROCEEDINGS papers by letter with remittance 
, P ‘ : of 50: © copy; members St nt Cha 25 copy 
95. Directional Requirements for Airport f 50¢ per copy; members of Student Chapters 25¢ per copy 
5 Discussions of each paper, with author's closure, also will be published as a Separate and 
a r ‘ ‘ Otis bg paper, r e, I Pp 
Runways, by Ralph H. Burke and Harry t must be ordered in the same manner as other Separates, except that no charge will be made for the 





Wright, Jr. discussions of a paper previously ordered. The order form will list available discussions of papers. 
Discussions will be numbered to agree with the basic paper 
96. Surface Curves for Steady Nonuniform Standing orders for all Separate papers, including their Di i y be entered 
Flow, by Robert B. Jansen at the following annual rates: Members of ASCE, $3.00 (beginni 4 . 1952, "$s. 00)” members of 
. Staudent Chapters, $5.00; non-members, $10.00, plus foreign postage charge of $. 75; libraries, $5.00. 
1-36 Discussion of Paper, Impossibility of TRANSACTIONS. All PROCEEDINGS papers, with discussions, will be included in TRANS- 
a - : ACTIONS. Annual volumes of TRANSACTIONS will continue to be available at the currently 
Performance in Contracts for Engineering and established annual subscription rates. 
ns j by be y S0rg 
Construction, »y Robert | "s To Members To Non-Members 
, ‘ ' : Si i cnc cicckenvintsaenkeeeini see eaeebereoen seeese Ce $18.00 
1)-39. Discussion of Paper, Practical Design COND DORI, ccc cccccccscccccesccesecscsovoseaseseocpoesecese 3.00 17.00 
of Solid-Barrel Reinforced-Concrete Skew Paper binding... . PETETTESITITITITITTIrrrrriier itr .. 2.00 16.00 


Structures, by Bernard L. Weiner. 
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pressures during construction are explained. 
Methods for determining pore pressures to be 
expected for given placement conditions are 
described, and field control procedures to re- 
strict pore pressures are defined. Examples 
illustrate the effect of good construction con- 
trol. (Available January 1.) 

109. Final Foundation Treatment at 
Hoover Dam, by A. Warren Simonds. The 
unprecedented height of Hoover Dam with the 
extremely high head of water against the foun- 
dations and abutments created problems in de- 
sign that were not subject to exact analysis. 
The foundation treatment was based on experi- 
and precedent Pressure and 
drainage were relied upon to produce an ade- 
When the reservoir filled, 


ence grouting 
quate foundation. 
leaks developed at unexpected places, excessive 
flows of water were discharged from certain 
foundation drains, and the uplift pressure on 
the base of the dam increased until its value ex- 
that 
This paper describes the corrective measures 

make the 
the original design assumptions. 


ceeded used in the design assumptions. 


necessary to structural conditions 


agree with 


(Available January 1 


110. Review of Flood Frequency Methods, 
final report of the Subcommittee of the ASCE 
Joint Division Committee on Floods. Factors 
that affect the accuracy of flood-frequency pre- 
diction are presented, and the limitations of the 
various known approaches to the problem are 
recorded. The report contains a description of 

methods in use for construction 


(Available January 1.) 


the several 
flood frequency curves 


111. Research in Water Spreading, by 
Dean C. Muckel. It has recently been pro- 
posed to recharge ground water supplies by 


spreading on soils of fine texture. This paper 
describes the problems involved in obtaining 
satisfactory infiltration rates and research done 
in altering the infiltration rate curves as found 
on undisturbed soils. Results of tests made on 
small ponds are reported under one of five gen- 
eral types of treatment (1) chemical, (2) me- 
chanical, (3) operational procedures, (4) vege- 
addition of organic matter. In- 


tative, and (5) 


filtration rates were increased materially by the 


For the Use of ASCE Members Only 
PROCEEDINGS PAPERS ORDER FORM 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
33 W. 39 ST., NEW YORK 18, N.Y. 
Enter my order for Separate PROCEEDINGS Papers which I have circled below: 


Paper No. 8&7 88 89 D-30 D-40 D-34 D-38 D-17 D-33 90 91 92 
93 94 95 96 D-36 D-39 D-42 D-43 D-44 97 98 99 100 101 102 
103 104 105 D-37 D-47 106 107 108 109 #110 111 D-49 D-54 
D-61 112 113 114 D-51 D-57 D-60 D-62 


If more than one copy of a paper is desired, indicate here 


addition of organic matter. (Available Janu- 


ary 1.) 


D-49. Discussion of Paper, Large Hyper- 
bolic Functions Computed by Fission, by F. T. 
Llewellyn. Proceedings-Separate No. 59 
(December 1950) explained a simple appli- 
cation of hyperbolic sines and cosines for the 
solution of structural problems by slide-rule, 
which is more precise and more rapid than that 
of interpolation by proportional parts. Dis- 
cussers are: John Sherman, K. L. Cooper, and 
F. T. Llewellyn. (Available January 1.) 


D-54. Discussion of Paper. Truss Deflec- 
tions by the Coordinate Method, by Kuang- 
Han Chu. In Proceedings-Separate No. 54 
(January 1951) Mr. Chu offered for discussion a 
simplified method that is an algebraic equiva- 
lent of the Williot-Mohr diagram. It can be 
carried to any degree of accuracy. Those who 
discussed were: L. C. Maugh, and Kuang-Han 
Chu. (Available January 1.) 


D-61. Paper, Structural 
Damping in Suspension Bridges, by the late 
Friedrich Bleich and L. W. Teller. A careful 
correlation between theory and experimental 


Discussion of 


data on frictional damping of structural mem- 
bers. (Proceedings-Separate No. 61, March 
1951.) R. K. Bernhard, George S. Vincent, 
F. B. Farquharson, Arne Selberg, and the late 
Friedrich Bleich and L. W. Teller discussed this 


paper. (Available January 1.) 
First Notice 
112. Diversions from Alluvial Streams, 
by C. P. Lindner. The hydraulic effects of 


diversions from alluvial streams and the with- 
drawal of bed load are rather comprehensively 
Less known hydraulic influences 
are described. Reasons for the withdrawal of 
bed load in amounts differing from the quanti- 
ties of water diverted are given. The effects of 
and the 


discussed. 


diversion on the channels involved 


long-time trends that may be expected after 
diversion are explained. Suggestions are made 
for the siting of a diversion in order that de- 
best be accomplished. 


sired results may 


(Available February 1.) 
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113. Wave Forces on Breakwaters, by 
Robert Y. Hudson. The two principal types 
of breakwaters are vertical-wall structures and 
those with sloping faces constructed of rubble 
This paper reviews: (a) the existing wave. 
pressure theories for determining the magni. 
tude and distribution of wave forces on vertical] 
walls; (b) the particular wave theories upon 
which most of the wave-pressure theories are 
based; and (c) theories for determining the 
weight of cap rock and required slope of rubble. 
mound breakwaters. The different theories 
are compared and the best are selected for use 
Also, the results of the better theories are com- 
pared with experimental data and a suggested 
outline of future 
necessary to insure safe and economical break- 
(Available Febru- 


investigations considered 
water design is presented. 
ary 1.) 


114. Utilization of Underground Storage 
Reservoirs, by Harvey O. Banks. To meet 
the ever-increasing demands for additional 
water supplies at reasonable planned 
development and utilization of the immense 
potential storage capacity available in ground- 
water basins will be necessary since few sur- 


cost, 


face reservoir sites of large capacity, high yield 
and low cost remain undeveloped. The paper 
discusses ground-water hydrology in relation 
to such development and utilization and de- 
scribes some of the problems connected there- 
with. A proposed project for Ventura County, 
California, utilizing underground reservoirs for 
cyclic storage with relatively small 
reservoirs operated as regulatory storage to 
increase recharge to the ground water basins 
As compared to utilization of 
surface storage alone, large savings are indi- 
(Available February 1.) 


surtace 


is described. 
cated. 
D-51. Discussion of Paper, Laterally 
Loaded Plane Structures and Structures 
Curved in Space, by Frank Baron and James 
P. Michalos (January 1951). 
analyzing structures curved in 
loaded in space and loaded in any direction 
Uku Miillersdorf, Maurice Barron 
and Frank Baron and James P. Michalos 
(Available February 1.) 


Procedures for 
space and 


Discussers: 


D-57. Discussion of Paper, Design of Irri- 
gation Systems, by W. H. Nalder (February 
1951). The principal features of three multi- 
ple-purpose projects, emphasizing the planning 
and design considerations in the development 
of irrigation features. Discussers: Ahmed 
Shukry, and W. H. Nalder. (Available Febru- 
ary 1.) 


D-60. Discussion of Paper, Surveying and 
Mapping Requirements for Modern City Plan- 
ning, by Charles A. Blessing (February 1951) 
Reasonable standardization needs in the map- 
ping and surveying procedures of planning 
commissions in all cities—large and small. 
Harold M. Lewis, Leon T. Eliel, 
(Available February 


Discussers: 
and Charles A. Blessing. 
1.) 


D-62. Discussion of Paper, The New 
Towns Program in Great Britain, by T. C 
Coote (March 1951). Description of the plan- 
ning of fourteen new towns in Great Britain 
erected by development corporations employ- 
ing their own staffs or by outside consultants. 
Discussers: W. Strickler, and T. C. 
(Available February 1.) 


Coote. 


CIVIL ENGINEERING 


January 1952 °* 


Des 
Investigetio 


on Rog! 
ilities, 

a 
P. O. Box 


PAL 
Consultin 
Problems o 
Vehiculer 
Tunnels, & 


Perkin 


Hydroelec 
and multir 
erosion cc 
planning, ¢ 
nels, marit 
28 Brooks 
—— 

c 
Soil 


























PTs, by 
ul ty pes 
res and 
rubble 

Wave. 
Magni- 
vertical 
S upon 
ies are 
ng the 
ubble. 
heories 
Or Use 
e com. 
gested 
idered 
break- 
‘ebru- 


orage 
meet 
tional 
inned 
neni se 
und 
Sur 
y leld 
a per 
ition 
| de 
icTe 
nty 
$s for 
Tace 
* to 


Sins 


EWIN ENGINEERING 
CORPORATION 
Design and Construction 
Investigations, Reports, Appraisals, . 
mates @ Management ‘Tove? 
Facilities, Foundations, Industrial bee 
Bridges and Structures. 
P. O. Box 361 Mobile 3, Ale. 


PALMER & BAKER, INC. 
Consulting Engineers and Architects 
Problems of Transportation, Supequeces 
Vehicular Tunnels, Rock Tunnels, Utility 
Tunnels, Bridges, Grade Separations, 
Highways, Aijrports, Traffic Studies, 
Parking Problems, Waterfront & Harbor 


Structures 

Complete Material, Chemical and Soils 
en 
eans, 


Mobile, pr ~. Houston, Texas 
JOHN S. COTTON 


Consulting Engineer 
Hydroelectric, irrigation, water supply, 
and multiple purpose projects, flood and 
erosion control, river basin development 
planning, dams and their foundations, tun- 
nels, marine structures, valuations, rates. 


28 Brookside Drive, Sen Anselmo, Calif. 











DAMES & MOORE 
Soil Mechanics Engineering 
General Offices 
816 West Fifth Street 
Los Angeles 17 
Regional Offices in 


Los Angeles . San Francisco . 
Seattle . New York 


Portland 





INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations —Reports— Design 
Procurement—field Engineering 
Domestic and Foreign 
74 New Montgomery St. 

San Francisco 5, California 





FRED C. SCOBEY 
Consultant on hydraulic problems: Water 
conveyance in pipes, canals, tunnels and 
fumes, with or without measuring de- 
vices. Equivelent sizes, equeducts of 
various materials, based on their limita- 
tions. Critical review, plans and specs. 
Suggestions for improving impaired ca- 
pacity. Know high velocity structures. 


1063 Euclid Ave., Berkeley 8, Calif. 





MAURSETH & HOWE 
Foundation Engineers 
Airports, Highways, Tanks, and 


tructures 
Offices and Eastern 
hsponstatten Associate: 
8953 So. W. Ave. Ge0eorgeR. so 


Los Angeles 47, Calif. Newark, N. J 





KAISER ENGINEERS 
- Division of Kaiser Industries, inc. 
ENGINEER - CONTRACTOR 
a -R Valuati 


= 


Professional Services 


listed alphabetically by states 


O. J. Porter & Company 
CONSULTING ENGINEERS 


A i 
Foundation — Stabilization — Pavements 


3757 Wilshire Bivd., Los Angeles, Calif. 
516 9th St., Sacramento, Calif. 





KIDDER & THOMA 
Cadastral Engineers 

Large Scale Cadastral Surveys 

Riparian Rights, Boundary Locations 
Preparation for Trial of Suits 
ee ee 
C. Thoma 

4811 Sladen Avenue, N. W. 

ington 11, D. C. 





DUVAL ENGINEERING & 
CONTRACTING CO. 


General Contractors 
FOUNDATION BORINGS 
For Engineers and Architects 
Jacksonville Floride 





ALVORD BURDICK & HOWSON 
Charles B. Burdick 
Louis R. Howson Donald H. Maxwell 
Consulting Engineers 
Water Works, Sewerage, Water Puri- 
fication, Sewage Treatment, Flood Relief, 
Power Generation, Drainage, Appraisals. 
20 North Wacker Drive, Chicago 6, Ill. 





CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply, Sewerage, Flood Control 
& Drainage, Bridges, Express Highways, 
Paving, Power Plants, Appraisals, Re- 
ports, Traffic Studies, Airports, Gas and 
Electric Transmission Lines 


351 East Ohio Street, Chicago 11, Ill. 





DeLEUW, CATHER & COMPANY 
onsulting Engineers 
ion, Public Transit and 
Problems 
Industrial Plants, Grade Separations, 
Railroads, Subways, Power Plants, 
Expressways, Tunnels, Municipal 
orks 
150N. Wacker Drive, 
Chicago 6, Ill. 


79 McAllister St. 
San Francisco 2 





GREELEY AND HANSEN 
Engineers 
Samuel A. Greeley, Paul E. Langdon, 
mas M. Niles, Kenneth V. Hill, 
Samuel M. Clarke 
Water Supply, Water Purification, Sewer 
age, Sewage Treatment, Refuse Disposal, 
Industriel Wastes 


220 S. State Street, Chicago 4, Ill. 





HARZA ENGINEERING COMPANY 
Consulting Engineers 


L. F. Harze 
E. Montford Fucik Calvin V. Davis 
Hydro Electric Power Projects 





eports 
- Construction 
——— 3-4600 
1924 Broadway 





Clyde and Associates 
Consulting Civil Engineers 


Soil and Foundation Engineering 
Asphalt Mix Design and Control 
Airport Runweys and Pavement Design! 


3405 Piedmont Avenue 
Oakland 11, Calif. 








Oakland, Calif. 





Lines, System Management, 
Dems, Foundations, Herbor Structures, 
Soil Mechanics 


400 W. Madison St., Chicago 6, Ill. 





SOIL TESTING SERVICES, INC. 
Carl A. Metz 
Theo. W. Van Zelst 
John P. Gnaedinge: 
Foundation Borings 
Field and Laboratory Tests of Soils 
Analyses and Reports 
Soil Testing Apparatus 
4520 West North Avenue 
Chicago 39, Ill. 





JENKINS, MERCHANT & NANKIVIL 
Consulting Engineers 
Municipal Improvements Sewerage 
Power Development Water Systems 
Traffic Surveys Industrial Plants 
Flood Control Recreational Facilities 
Airports Investigations and Reports 
805 East Miller Street 
Springfield, lilinois 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


Airports — Drainage — Electric Power 
Flood Control — Industrial Rate Studies 
Sewerage — Valuation — Waterworks 


Hershey Building, Muscatine, lowa 





HAZELET & ERDAL 
Consulting Engineers 
Bridges — Foundations 
Expressways — Dams — Reports 
Monadnock Block 
Chicago 
403 Commerce Bidg., Louisville 
Dixie Terminal Bidg., Cincinnati 





EUSTIS ENGINEERING COMPANY 


FOUNDATION AND SOIL 
MECHANICS INVESTIGATIONS 
Soil Borings Laboratory Tests 
Foundation Analyses Reports 
3645 Airline Highway 
New Orleans 20, Lea. 














ALTER N. WHITE 
WILLIARA F. GUYTON 
Consultin Grommd Water Hydrologists 
er Supplies 
‘a New Develop- 


Evaluation, ty 
and Maintenance 


ments, Operationa 

Advice; Legal Proceedings; Artificial 

Recharge, Induced River Infiltration, 

Well Interference and Other Ground- 
‘ater Problems. 

307 W. 12th St. 10 Mississippi Ave. 

Austin 1, Texas Silver Spring, Md 


WHITMAN REQUARDT 
AND ASSOCIATES 
Engineers 
Sewerage and Water Systems, Air 








Industrial and Power Plants and Other 
Structures 
Reports — Designs — Specifications — 
upervision 
1304 St. Paul Street, Baltimore 2, Md. 
ROBERTSON 


AND ASSOCIATES 
ae Engineers 
bert E. Robertson, Jr. 

Charles F “Bometeld Hayden 5. Porter 


Bridges—Structures—Foundations 


Industrial Buildings 
Richmond 


Baltimore 
Virginia 


Maryland 


CRANDALL DRY DOCK 
ENGINEERS, INC. 


Railway Dry Docks, Floating Dry Docks, 
Basin Dry Docks, Shipyards, 
Port Facilities 
Investigation, Reports, Design, 
Supervision 


238 Main St., Cambridge 42, Mass. 








USE THIS 
PROFESSIONAL CARD 
DIRECTORY 


Participation is restricted to 


consulting engineering firms 


operated or controlled by members 
of the 


American Society of Civil Engineers 


Your card should be among them. 
Write Today For Rates. 





Additional Professional Cards 
On Pages 158 and 159 
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IRVING B. CROSBY 
Consulting Engineering Geologist 
Investigations and Sager 
Dams, Reservoirs, Tunnels, Foundations, 
Groundweter Supplies and Resources 


Professional Services 


listed alphabetically by states 


SVERDRUP & PARCEL, INC. 
Consulting Engineers 


Bridges, Structures and Reports 
industria! and Power Plant 


FRANK L. EHASZ 
Consulting Engineer 


_ Airports, Parkweays 








FAY, SPOFFORD & THORNDIKE 


ngineers 
Charles M. Spofford Ralph W. 
Frank L. Lincoln 


Ty A. Farwell Howard J. Williams 
Bridges and Industrial Plants 
Water Supply end Sewerage Works 
Port and Terminal Works, Airports 

New York 





JACKSON & MORELAND 
Engineers and Consultants 
Design and Supervision of Construction 


Reports— Examinations — Appraisals 
Machine Design Technica! Publications 


Boston New York 





METCALF a EDDY 
—- 
Investigations 
ren of ¢ 


AA . Vv. oi, 








BENJAMIN S. SHEINWALD 
Architectural Consultants 
on 
Engineering Projects 
Design—Supervision—Reports 


85 South Street, Boston 11, Mass. 





Clark Arial Survey Corporation 


Topogrephic Maps—Mosaics— 
econnaissance Strips 


E. W. Clark, President 
45075 N. Territorial Rd. Plymouth, 
Michigan 





BLACK a VEATCH 
Consulting Engineers 
Water—Sewage—Electricity—Industry 
Reports, Design supyernion of Congres 
tlon | 96 ind Rates 


4706 Broadway 





Kansas City 2, Mo. 





BURNS & McDONNELL 





| 








PORTER-URQUHART ASSOCIATED 
O. J. Porter & Co. 
Consulting Engineers 
Airports —Highways —Dems 
Foundations — Stabilization —Pavements 


415 Frelinghuysen Ave., Newark 5,N.J. 
79-Ninth Ave., New York 11, N.Y. 


AMMANN & WHITNEY 
Consulting Engineers 
Design — Supervision 
Bridges, Buildings, Industrial Plants, 
Special Structures, Foundations, 
Airport Facilities 
Expressways 
76 Ninth Avenue, New York 11, N. Y. 
724 E. Mason Street, Milwaukee 2, Wis. 


EDWARDS, KELCEY AND BECK 
Consulting Engineers 
Surveys—Reports—fconomic Studies— 
Transportation, Traffic — Design — 
Supervision — Management — Port and 
Harbor Works —Terminals—txpressways 
— Highways — Grade Separations — 
Bridges—Tunnels—Water Supply 
3 William Street 250 Park Avenue 
Newark 2, N. J. New York 17, N.Y. 








CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 
wy L. Bogert ivan L. Bogert 
M. M. Greig Robert A. Lincoln 
Donaid Ditmers Arthur P. Ackerman 
Water and Sewage Works 
Refuse Disposal! Industrial Wastes 
ainage Flood Control 
624 Madison Avenue, New York 22, 
New York 


Non-Metallic Minerals Engineering ate, Seperv vision of Construction 
6 Beacon Street Syedioste Trust te he Lam ¢ 
Boston 8, Massachusetts Bush Street, 0 4, ca 730 Fifth Avenue New York 19, N.Y. 
| 
A. L. ALIN *HARDESTY & HANOVER 
Consulting Engineers 
FFI ASSOCIATES 
a Consulting Engineer Successor to Weddell & Hardesty 
Consulting Engineers 5927 N. 24 St. Long Span and Movable Bridges, Han- 
Omaha, Nebraske over Skew Bascule, pede Eliminations, 
80 Boylston St., Boston 16, Mass. P Foundations, Other Structures, Super- 
Dams, Hydroelectric Power vision, Appraisals, and Reports. 
Flood Control 101 Park Avenue, New York 17, N. Y. 





<< R. HARRIS, INC. 


ulkheads, Drydocks 
Soil Mechanics, Industrial 





HOWARD, NEEDLES, TAMMEN & 
BERGENDOFF 


Consulting Engineers 


Bridges and Structures 
Foundations, Highways 
Administrative Services 


) dy oy ge 55 Liberty Street 
Kansas City 6, Mo. New York 5, N.Y. 





KNAPPEN TIPPETTS ABBETT 
ENGINEERING CO. 
Ports, Harbors, Fleod Control Irrigation 
Power, Dams, Bridges, Tunnels, 


Hi 
Subways, Airports, Traffic, Foundations, 
baa Y, Sewerage, Reports, 
Design, Supervision, Consultetion 
62 West 47th Street, New York City 





R. M, LEGGETTE 
Consulting Ground Water Geologist 
Water Supply, Salt Water Probiems, 
Dewatering, FA Investigations, 

Reports. 


551 Fifth Avenue, New York 17, N. Y. 





THE PITOMETER CO. 
Engineers 
Weter Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement and Special 
Hydraulic Investigations. 


New York, 50 Church St. 





ALEXANDER POTTER ASSOCIATES 


Consulting Engineers 


Water Works, Sewerage, Drainage. Rel- 
use Incinerators, Industrial Wastes, City 
Planning 


50 Church Street, New York 7, N. Y, 





SEELYE STEVENSON VALUE 
& KNECHT 


Consuiting Engineers 
Manufacturing Plants 
Heavy Engineering 
Structural 
Mechanical 
101 Park Ave., New York 17, N. Y. 





SEVERUD-ELST AD-KRUEGER 
Consulting Engineers 


Structural Design—Supervision—Reports 
Buildings—Airports—Speciel Structures 


415 Lexington Ave., New York 17,N.Y, 








lems, Ait 
C 


Gai 
Bridges 
Trafic & or 


Scranton, Pa. 
Daytona Bee 
Meds 








SINGSTAD & BAILLIE 


Consulting Engineers 


Investigations, Reports, Design, 
ifications, Supervision 


24 State St., New York 4, N.Y. 





FREDERICK SNARE CORPORATION 
Engineers-Contractors 
Harbor Works, Bridges, Power Plants 
Dams, Docks and Foundations 
233 Broadway, New York 7, N. Y. 





BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes—Refuse 
Disposel—Municipal Projects 
Airkelds—Industrial Buildings 
Reports—Designs—Estimates 
Valuetions—Laboratory Service 
110 William St., New York 7, N. Y. 


MORAN, PROCTOR, FREEMAN 
& MUESER 
Consulting Engineers 
Foundations for Buildings, Bridges and 
Dams, Tunnels, Bulkheads, Marine Struc- 
tures, Soil lies and Tests, Reports, 
Design and Supervision. 
420 Lexington Ave., New York 17, 


AP. Cor. 614, Caracas, Venezuele 


D. B. STEINMAN 
Consulting Engineer 
BRIDGES 


Design, Construction, Investigation, Re- 
ports, Strengthening, Advisory Service 


117 Liberty Street, New York 6, N. Y. 





JAMES M. CAIRD 
Established 1898 
C. E. Clifton, H. A. Bennett 
Chemist and Bacteriologist 


Water Analysis 
Tests of Filter Plants 


Cannon Building, Troy, N. Y. 





L. COFF 





PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
ngineers 
Bridges, Ly" Highways 
Traffic & Transportation Reports 
Subways, Foundations, Harbor Works, 
Valuations, Power tA. 
ndustrie! Buildings 
Dams, Sewerage, Water Supply 
51 Broadway, New York 6, N. Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Ai 








THE J. G. WHITE 
ENGINEERING CORPORATION 


Design, Construction, Reports, Appraisals 


Eighty Broad Street, New York 4, N. Y. 





THE AUSTIN COMPANY 








Consuhing Engineer Malcolm ra emt: Whitlock Peston eae — Reports 
Consulting and Designing Engineers Steel saving construction through pre- Investigations, aaa Plans Foreign Work 
stressing concrete and/or structural steel. Supervision of Construction 16112 Euclid Avenue, Cleveland, Ohio 
Kansas City 2, Mo. Cleveland 14, Ohio | Design, estimates, erection meth and Operations New York Detroit Oakland 
ees Appraisals and Rates Chicago Houston Seattle 
P. O. Box 7088 1404 E. 9th St. 198 Broedwey New York 7,N.¥. | 25 W. 43rd Street, New York 18, N. Y. Los Angeles 
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nts 





a® C. A. Emerson 
A. A. Burger F.C. Tolles F. W Jones 
~ H. Moseley 


be 
- 


Consulting Engineers 
Water, Sewerage, Garbage, Industrial 
Wastes, Valuations—Laboratories 
}) Leeder Bidg. Woolworth Bidg 
Cleveland 14,0. New York 7,N. Y. 


WILSON V. BINGER 
Consulting Engineer 
Soil Mechanics—f oundations 
Earth Structures 


222 W. Reyen Ave., Youngstown 2, 
Ohio 





ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Francis S. Friel 
Water, Sewogs and Industrial Waste 
Problems, Airfields, Refuse Incinerators, 
Dems, Flood Control, Industrie! Buildings, 
City Planning, Reports, Valuations— 
Laboratory 
121 So. Broad Street, Philadelphia 7, Pa. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 


Engi 
HARRISBURG, PA. 


Water Works, Sewage, Industrie! Wastes 
& Garbage Disposal—Roads, Airports, 
Bridges & Flood Control, City Planning, 
Traffic & Parking, Appraisals, Investiga- 
tions & Reports. 
Branch Offic: 








Professional Services 


listed alphabetically by states 


MICHAEL BAKER, JR., INC. 
The Baker Engineers 

Civil Engineers, Planners, and Surveyors 
Airports—Highways—Sewage Dispose! 
Systems— Water Works Design and Oper- 
ation—City Plenning—Municipal Engi- 

neering—All Types of Surveys 

Home Office: Roc’ , Pa. 

Branch Offices: 


Jackson, Miss. , Pa. 





GILBERT ASSOCIATES, INC. 
Engineers and Consultants 


Surveys—Design—Supervision 
Domestic and Foreign 
Industrials and Utilities 


412 Washington Street, Reading, Pa. 





HUNTING, LARSEN & DUNNELLS 
Engineers 
Industrial Plants — Warehouses — Com- 
mercial Buildings—Steel and Reinforced 
Concrete—Design—Supervision— 
Reports 


1150 Century Bidg., Pittsburgh 22, Pa. 





JUSTIN & COURTNEY 
Consulting Engineers 
Joel B. Justin Neville C. Courtney 


Dams and Power Problems 
Hydro Electric Developments 





MODJESKI AND MASTERS 

Consuiting Engineers 
F.M. 
G. H. Randall J. R. Giese 
Cc. W. Hanson H. J. Engel 
Design and Supervision of Construction 

Inspection and Reports 
Bridges, Structures and Foundations 

535 Fifth Ave. State St. Bidg. 
New York, N. Y. Harrisburg, Pe. 





MORRIS KNOWLES INC. 
Engineers 
Water Supply and Purification 
Sewerage and Sewage Dispose! 


Valuations, Laboratory, City 
Planning 


1312 Park Bidg., Pittsburgh 22, Pe. 








GREER & MCCLELLAND 
Cc lting F E, gi 3 
Foundation investigations — — en 


soil testing — undisturbed sampling o 
core drilling. 


dati 





| 2649 N. Main Houston 9, Texas 


LOCKWOOD & ANDREWS 


Consulting Engineers 


Industrial Plants, Harbors, Public Works, 
Roads, Airports, Structures, Earthworks 
| Mechanical & Electrical 
Reports—Design—Supervision 
Surveys— Valuations 


HOUSTON — VICTORIA 





R. C. JOHNSON 
Consulting and Designing Engineer 


1226 Bull St., Columbie 1, S. C. 


THE McPHERSON COMPANY 
Engineers and Architects 
Design Power Plants 


Supervision of Construction Reports 
Industria! Plants Appraisals 


es Foundations 
Scranton, Pa. Pittsburgh, Pa. 
Daytona Beach, Fle. Havana, Cubs 121 S. Broad St., Philedelphie 7, Pe. Greenville, South Carolina ls Your Card Here? 
Medellin, Colombie, S.A : 2 


WILLIAMS, COILE & BLANCHARD 
Architects and Engineers 


Consultants & Designers—Civil 
Mechenical—Electrical — Architectural 
Industrial — Municipal 


3415 Virginia Ave., Newport News, 
Virginia 
424 Dinwiddie St., Portsmouth, Virginia 





| More and More Members 
| of the Society 
are using this Service. 











lish. 


33 West 39th Street 





TECHNICAL 
EDITORSHIP 


Assistant or 
Associate Grade 


Requires standard educational background 
in civil engineering with possible specializa- 
tion; acquaintance with technical literature; 
ability to meet and deal with authors; and 
a natural aptitude for recognizing good Eng- 


Age 26-40, with salary commensurate. 


Location, North Atlantic seaboard. 


Box C. E. 203 
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New York 18, N. Y. 











ui 


CIVIL ENGINEERING °* 





January 1952 


S MOLDED | 
Plastic 


PRE 







































PARALATERAL Wide Strip 

For sealing vertical construction or expan- 
sion joints in Retaining Walls, Abutments, 
Wing Walls, Foundations, etc., particu- 
larly when one side will be backfilled and 
protection from water seepage is neces- 
sary. Has rigid backing of asphalt joint 
material and surface and both edges 
coated with Para-Plastic, which maintains 
bond with concrete at all times. 


MOLDED STRIP 

Para-Plastic Sealing Compound is molded 
into strips for sealing of keyed construc- 
tion joints and cracks or breaks in vertical 
concrete surfaces. Concrete poured 
against the strip, after setting up, will 
bond with strip to form watertight seal. 


NARROW STRIP Pressure Seal 
Para-Plastic Pressure Seal is available in 
both Solid Para-Plastic, and Para-Plastic 
coated sponge rubber types which are 
rectangular or square in cross section. 
Designed for sealing existing expansion 
joints or contraction cracks in vertical or 
sloping masonry walls and surfaces. 
Servicised Engineers are available for consulta- 
tion on your joint sealing problems. Write for 
details and specification data. There is no 
obligation. 

*Para Plastic is one of the many patented 
products developed for the Construction 
Industry by Servicised Products Corp. 





SERVICISED PRODUCTS CORP. 


6051 W. 65th STREET e 


HLL 


CHICAGO 38 
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A WARREN-KNIGHT TRANSIT ON TURNPIKE WORK 





You too can do your field work better by using WARREN- 
KNIGHT Transits and Levels 


SPECIAL FEATURES that assure you of the greatest value per 
dollar of investment—include the following: 


; 


@ Seurdicr Constructior oated 
liane lose focus 4 duations differentiated size 
slant @ Right ang @ Balanced internal focus 
veling screw; threads 





telexcope @ No 


THESE FEATURES ASSURE: Precision—Speed and Con- 
venience in handling . . . Permanence of Adjustments . 
Reduced maintenance and repair costs. 


10 day FREE TRIAL No obligation to purchase 
Send for our 10th Edition Catalogue. Ask for CE21. It's FREE 


WARREN-KNIGHT CO. 


Manufacturers of Warren-Knight Transits and Levels 


136 N. 12th Street, Philadelphia 7, Pa. LOcust 7-3984 








KERLOW 1Q-35 STEEL BRIDGE FLOORING, 


as shown above, will carry H2O loading on a 
15” circle up to a span of 48” and weighs only 
about 19 Ibs. It is the safest, strongest 
flooring that KERLOW has ever made. 
KERLOW also makes superior gratings for 
bridges, highways, industrial plants... floors, 
slabs, armoring, sidewalks, sa Pty steps, drain 
grates, trench covers, grid trays, tote boxes 
and pallets. Lighter in weight, stronger, with 
exclusive performance features. Before you 
specify, befo ore you buy, write for docu- 
mented, informative catalog that tells you 
why your first line of steel-grating supply is 


KERLOW STEEL FLOORING CO. 


27 Mallory Ave., Jersey City, N. J. 
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CONCRETE. 


- ASPHALT 


ms FAST-EA sy 
ECONOMICAL 


NOW SAW .. . BEFORE BREAKING! On patches 
and trenches the removal costs are reduced more 
than 25% and replacement material is poured to 
straight, smooth edges. A sawed cut made 1% the 
slab depth provides a perfect plane of weakness 
for fast breaking and removal. 


Patches... Trceuches... 


Eliminate spalling and frac- Gas, Water, Electric, Sewer, 
tures around repair patches Telephone. . . wherever new 


by sawing before breaking. lines are installed or old 
ones repaired. Saw trenches 


Saw clean, straight lines, ... any width... then break 
break smooth, then patch out to straight, smooth edges 
perfectly in building floors, —no fractures beyond ‘ 
runways, drives, etc. removal lines 


Contraction Yoiuts... / 
Saw contraction joints in continu- 
ously poured slabs and eliminate 
costly hand forming and usual 
spalling. Building floors, high- 
ways, streets, runways, walks, 
etc. can all be sawed 


















































MODEL C-130 


One of FIVE MODELS 
Gas or Electric Power 


Free “Trial... 


You can TEST—actually TRY a Clipper Concrete Saw on YOUR Job without 
obligation! Write for details!... by the Originators of Masonry Saws. 


MAXIMUM ECONOMY IN CONCRETE CUTTING 
ONLY POSSIBLE WITH THESE EXCLUSIVE CLIPPER FEATURES 















































1. Clipper “No Bind” 2.Positive ScrewFeed 3. Adjustable Depth 4. Patented Spray 
Floating Three Point Sus Instant contro! raises or Lock Control 
pension Automatically lowers blade smooth Set this handy stop for Its value is measured in 
protects blade easy whatever depth desired increased Blade Life 









CLIPPER MANUFACTURING CO. ! 
CONCRETE SAW DIVISION 

2804 N. E. WARWICK, KANSAS CITY 8, MO. 

Send FREE Literature, Intormation and Prices 

on the NEW CLIPPER CONCRETE SAWS 7-C 


GENUINE CLIPPER BLADES —ALL DIAMETERS 
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DIAMOND 4 mnie 
BLADES ; 4 & CITY STATE 

















Serving, the World as the World's Largest Manufacturer of Masonry Saws 
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1 For Utmost Security » 


CONN. IMPORTANT AMERICAN 
CITIES INSTALL 


LOCK JOINT [ae 


CONCRETE PRESSURE PIPE 


Freedonv from: 


*®& Rupture or blow-out 
pM atellali-lilelila-MelileMa-lelell a: 
*® Loss of carrying capacity 


> aml Gol ddelticli mel mel-si-tdlelaehilela 


TULSA, OKLA. 


OP aia = 


DENVER, COLO. KANSAS CITY, MO. 


. fs 
LOCK JOINT PIPE COMPANY a” of SCOPE OF SERVICES—Lock 
Est ty Joint Pipe Company specializes im 
P. O. Box 269, East Orange, N. J f “ the manufacture and installation of 
« Wha N ; . ; Reinforced Concrete Pressure Pipe 
for Water Supply and Distribution 
» Fi : . we = pumas, Wy Mains in a wide range of diameters 
© Wichita. Ka © Chica as well as Concret« Pipes of all types 
* Kenilworth, } for Sanitary Sewers, Storm Drains, 
Culverts and Subaqueous Lines. 








